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A b breviatio n s
KIA A, Klis Ka z us a D N A Re s e arch Institute a nd A A is refe rence char a cte rs;
m KIA A､ m ou s e c ounterparts of hum a n KtA A; CD N A, D N Ac o mp一em entaryto
R N A; mR N A, m e s s enger RNA; P C R, potym e rase chain r e action; kb,
kiloba se(s);k Da, kilodalton s; Mr, m ole c ular weight;T B S1. tris bu汗ered saline;
ED TA, Ethyte nedia mine
- N
. ,
N
'
,
-tetra a c etic acid, dis odiu m s alt, dihydrate;P M S F-
P henyJm ethy(sulfo nyL FIu o ride
･
,
P B S, phosphate bu斤ered s aline; G S T.
glutathione -S-tra nsfera se; E u S A, enzym e一inked im mu no s o rbent as s ay; Tet･
tetra cyclin e; pI, ls o e]ectric point; S D S
･P A G E; s odium dode cyle s u一fate -
polyac rylamidegelele ctrophore sis;lPT G;is opr opyl b
-D-thiogalacto side:E･ c oli;
Esche rI
'
chia c oli.
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Chapter1.
Co mpr ehen sive ge n e ratio n ofa nti- m KIA A
a ntibodie s :Fo c u s ed o nhigh-thr o ughput
pr odu ctio n ofr e c o mbin a nta ntige n sin
Es che richia c oli.
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Su m m aⅣ
K)A Agene sa r eknow na shum a n n o ve!la rge(>4kb)c[)N Asidentified in
コ
Kaz us ahum a nCD N Aproje ct. Koga eta/･ hav ebee nco ndu ctinga pr oject to
is olate a ndto dete r mine entir e s equ enc es of m ous ehom ologu es of hu m a n
KIAA CD N A(mKtA ACD N A). To elucidate the fun ctions of KIAA/mKIAA
protein s,I hav ege n e rated
`
Jibr ary
'
ofantibodies again st m KIA Aproteins･ I
havedev e)oped a strategyuti)iz ngthe I
'
n vitro re c o mbin ation - a s sited m ethod
a nd the u sage of shotgu n fragm e nts for high
-thro ughput productio n of
re c ombin ant a ntige n s. The shotgu n什agm e nts we re ge ner atedthrougho ut
the e ntire sequ e n cing of mKIA AcD N As and appliedto produc eG S T fu sio n
=
proteinsin Es cherichia c oII
'
･ After c onfirm ation oftheirproper expre s sion by
m a s s spe ctro m etry, polyclonat antibodie s wer e rais ed by s ubcuta ne o us
im m u niz ation ofrabbits. Using this str ategy, I have su cc e s sful)y produc ed
and purified about 20 0 a ntigens for antトmKIA Aantibody generation ･
Furthe r mo re
,
I have a c cu m ulated us eful info r matio n for produ ction of
re c o mbin a nta ntigensthroughthe n um ero us expe rie n c e s･ Statistic ala n alysis
ofthis inform at
l
ro njustified e mpiric a) form ula forthe r eco mbinant antige n
●
produ ctio n.
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1. Introdu ctio n
Majo r c o mponents of huge protein c o mp一ex e s are 一a rge muitido m ain
proteins.
'
s u ch proteins have sev e ralpr ote れproteininteraction m odule s. T he
c e"ularfu nctio ns oflarge multido m ain pr oteins arefr equ e ntlyfou ndto betightly
JJ
.
nkedtothephen otypic characteristic sof m uJtic eI(utarorganism s(Mushegia net
a/., 1 997;O hara etaI･ , 1 997). T hes efindings sugge stthat thefun ctio nofm any
large proteinsjs po s sib(y related to highero rder c e‖function a nd/ortoillness,
a nd in fa ct
,
s o me ofthe一a rge protein shave a一re ady be en ide ntified a sbeJ
'
ng
e xpr ess ed by dis e a s e- as s ociated gen e s･ Con side ring the biological
importanc e ofthe la ｢ge p｢otein s, a Kaz us a human CD N Aproje ct ha s be en
c ondu cting sin c e1 994to ac cu m u一ate inform ation aboutthe lo ng cD N As that
en c ode the s elarge protein sI Naga s e eta/･ ha ve alre ady repo rted the CD N A
s equ e n ces of m o r etha n200gene sto date ･ T he s ege n e sha ve since be e n
syste m atic a)lydesignated usingthe abbrev J
'
ation KJA Aplus afou r-digJ
'
t n umber
(辿旦地 軸 辿亡止血些虚) (Naga s e et aI. , 2 0 01; Naga s e et a/. , 2 003;
Nakajjm a etaI. , 2 002;No m ura eta/. . 1 9 94). How e ve r, thefunctio n s of m o st of
the KIA Aproteins have notyet bee n elucidated. Sinc ethe m ajority ofcD N As
are express edJ
'
n braintissue.Ia(s o expected to c o ntributeto neur oscien ce, on e
ofthe m o ste x citingfields ofs cienc e.
(n o rde rto overc om ethe(egaJand ethic alre strictio n s on the u s ehum an
m ate ria一s(Oka z akietaI. , 2002,
'
O ka z akietaI. , 2 003a; O ka z akieta/. - 2 003 b).
Koga et aI. ha v eals o be e n c o一le cting and chara cterizing m o u s e cD N Asthat
e n c ode c ounterpa rts of hu man KJA Aproteins(mK(A A)sinc e De cember 2001.
Koga et aI. sele cted m ous e a s a nim al m odel fo r bete r functional
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cha ra cteriz ation for K…A AprGie ir'S Tir si c!1 0ic efo rTo:-山
t
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-
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1 S :(1)the
m o useis on e ofthe m ost wide!y u s ed a nim a! forthe study ofn l a m atian gene
fu nctio n;(2) approxim atety 9 9% of m o u s egen es ha ve hu ma n ho m otogu c s
(Wate rston et a/. . 2 002); (3)the m o us edr aftgenom e s eque n ce is a一r e ady
available ( 也 ,
也 ):.(4)m utant m ouse r e s ourc es are being
we" dev eloped, a nd m anylin e s of mutant mice are als o a vailable(Hrabe de
Angelis a nd Strive ns, 2 001; Notan et aI. , 2 000) (辿旦 辿 !,
辿出 血 血, 辿出∠ 由 迎);(5)itis po ssible to inve stigate
thegen eticlinkageforqu antitativedi斤e renc e sin c o mp)ex behavio rs(Boyd e(all ,
2 000), a nd(6)the m o u s e CD N Aresour c eis a一s o wide一y av ailableto the public
( 地 , 幽 ,
ht ://Is un . rc.nia . nih._ ov/CD N A/CD N A.html). Specific m oJe c u(e sthat captu re
protein s, such as antibodie s, enab一e usto an a)yzethe physiologic alfunctions oF
KIA Aprotein s･ Forthis purpos el I ha ve also begun to ge neratelibra rjes of
antibodie s again st mKIA Apr oteinsfo rfu rtherproteomic appro ach(Hara etal. ,
2 0 03; Koga et aI. , 2 0 04a: Koga et all , 2 0 04b)I In this study, I pre s ent my
strategyforhigh-thro ughputprodu ction ofre c o mbinanta ntigensfor anti
- m KIA A
a ntibodie s generation, which involve s u川izing shotgun fragm ents ge n erated
during entire s equ e n cing ofmKIA AcD N As(O kazakietall , 2 002;O ka z akieta/･ ,
2 003a;O ka z akieta/. , 2 003b;O ka z akietal. , 2 004a;O ka z akietaI. , 2 0 4b)I
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2. Expe rim entalProc e ciure a n Lhte5 uitt;
2.1. Sele ction ofr egion suitable fo rpr odu ction ofrec o mbin a nta ntigc n sfo r
■
m KIA Aprotein s.
To s electappr oprlate Shotgu nclon e sfor a ntigen produ ction,Ibui)ta br o wser
syste min which v a riousIines of infor m ation ne c essaryfor a"oc atio nofa regio n
are used for antige n production (Fig. 1). Since antige nicity and s o(ubility of
■
proteins a regen era]ly di汗ic ultto pr edict only from their prim ary stru ctu r e s,
m ultiple chara cteristic s of protein stru cture s sho uld be ca refully che cked fo r
each m KIA Apr otein(C hou a nd Fa s ma n,1 978:EminietaI･ , 1 985;Ga r niereta/I ,
1 978;Hoppand Wo ods, 1 9 81;｣am e s o n and Wo作, 1 988;Karplu s a nd Schulz,
1 985). T hisis atim e-c ons u mingfront- end stepin produ ctio n ofrec o mbina nt
antige ns･ ln this conte xt, the browse r syste m shownjn Fig･ 1 wa sdeve一oped
en able us to re adi一yintegrate m anyd 粁erent=ne s of info r mation r egarding a n
m KIA Aprotein stru cture･ ln pra ctice, I a一lo c ated a r egio n to be us ed for
r ec o mbina nta ntige nprodu ction underthefotlowing c ｢ite｢iain this pr oje ct;(1)a
C-terminalportion ofthe predicted mKIA Aprotein wa s s ele cted a sthe antigen
regio n asthe a ntigen r egio n whe n e v erpossible be c au se ofits s urfa ce expo sure･
n egativ e cha rge of c arbo xyトte r min us, a nd lo w o ccurr en c e of m odific atio n s
(Harlow and lane,1 988), 2)thehydrophilic valu e ofthe sele cted region wa s - O･3
to o.9, which w a s c a(c ulated fr o mthe e ntire a mino acidre sidu es e n c oded by a
shotgu n c一o n e sby the Hoppand Wo ods form ula･ the m ost c o mm o nly u s ed
form u)a fo rpredicting protein hydrophi)icity,(Hoppand Wo ods. 1 981),(3)the
r egio n sho u一d n ot bein volvedin a ny m e mbran e
- span ning r egion predicted by
■
S O S UI(Hir okaw a etal. , 1 998),(4)the regio n wa sdesign edto c ontain at一e a st
8
100 to 30 0amin o acid r esidu e s､ ｢-()I ex ce ed 3 如rn ()ic c しj!a r v.J Ci9
t
ni(.Mr), a nd
lsoeJectric point(p[) w a s4 to ll･ Once the regio nto be pr odu c ed CIS the
a ntigen wa s spe cifiedtthe br o wse r system af[o w ed usto a‖o cate shotgu n clon es
simulta ne o usly･ Bec ause I c ould dire ct一y check sequenc e chro matogra m s of
re spe ctive shotgun clo n e s o nthe s am ebrowse r,itis simp(e and straightfor
･
w ard
tode sign aconstru ction ofexpre s sion pla s midsforthe reco mbin a ntantigen(Fig.
1).
In additio n, the brows ersyste m als o alowed usto che ck whether or notthe
s ele cted region wa s co ns er ved betwe en m o u s e a nd hum a n(Fig. 1). The us e
of this brows e rsystem thus offered m any 一in es of J
-
nfor matio n critical for
a[Joc ation of a region to be u s ed a s a n antigen for ea ch m K(A Aprotein a nd
gre atly e xpedite s ele ctio n ofa shotgu ncJone to be u s ed forcon str uction ofthe
expr essio npta s midofthe re c o mbinantantige n.
2･21 T he over allstrateg yofc o nstru ction ofexpr es sion plas mids fo rm KIA A
proteinsfus ed withglutathio n eS-tran sfera se(G S T).
An other tJ
-
m e- co nsuming a nd labo r-intensive pr oc ess in produ ction of
reco mbinantantigensisthe c o n stru ction ofexpre ssion plasmidsfo rre co mbina nt
antigens of m ultipJe protein sI Jn a c o nventional m ethod, Jigation- as sisted
clo ning witha product of polymera s e chain re a ct
T
ron (P C R) or a re striction
fragm e nt wa s u s edfo rthis purpo se(Har(ow a nd (a ne, 1 988). Ho w eve r,I did
n otc o n sideritre a s o n ab一eto app一ythis c o nventio n a一m ethod forhigh-thro ughput
produ ctio n ofre c o mbina nt a ntige n s, since paratlet c onstru ction of expression
pla s midsfornl anyre C O mbin a nta ntige n sis alm o stimpo s siblein pra ctice . T hus.
I had to develop a new method, which enabled u sto gen e r ate multiple
9
e xpre sion pJas midsin pa r a!!:eL i
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m ethod of expr e sio n plasmjds fo r r e c o mbin a nt a r-tige ns uf mKfA Aproteins.
S hotgun clo n es had be en ac cu m ulated during the pr o c e s sof e ntire mK)^ A
CD N Asequ e ncing a sde s cribed in O ka zaki
-
s previou srepo rts(O kazakiet aI. ,
2 0 2)and ha rbored O･8- to1.0-k b fr agm e nts ofe ach mKIA AcD N A in a modified
pBIue s criptll S Kve cto r(St｢atagene Cot , La Jo‖a, C A, U S A), c aled pB S 2 S K-
E X P S B
,
in which the /
.
n v)
'
tro r e c ombinatio n sites(attBland at B2site s)were
pJa c ed adja centto a nSm aJsiteinthe m ultip一e c(o ningsites(Fig. 1)(O kazakiet
aI･
,
2 02)･ 1n this study, glutathio n eS-tra n sfe ra se(G S T)was s e一e cted as a
fusio npa rtn e rto mKJA Apr otein s simply bec aus e G S T is a widely usedtagfor
s oluble re c o mbin a nt a ntige nproductionin E･ c o/I
'
(Smith and Johns o n, 1 988).
T hus
,
lco nstr u cted a setofI
'
n v/
'
tro re c o mbinatio n- co mpatible v ectorsthatw ere
●
de sign ed to directthe synthesis ofpoJypeptJ
'
des e ncoded byshotgun clo n e sas
G S T tagged protein sin E･ c oli･ T he se ve cto r s, c o n v e ntio nally te rm ed the
de stinatio n ve cto rs bylnvitr ogen, w e reco n stru cted byin sertio n of a n attR l-
■
ccd B- at R 2c assette(lnvitroge nCo . , Carlsbad, CA, U S A)intothe Sm aIsite ofa
PG E X-4 T Ive cto r(Am ersha m Bio s cie n c e sCo ., Piscata way, N J, U S A). ln
pra ctic e, 6 de stin ation ve cto rs w er pr epa red s o a sto acc eptshotgu n c)on esin
anyorie ntations a nda nyre adingfra mes(Fig. 2). [n combin ation withthis s etof
the de stin atio n ve ctors
,
mK)A Ashogun clone s were re adiJy re cyc(ed for G S T
fu sJ
'
o npr otein pr odu ctio nusing B Pa nd L Rre c o mbin ation reactions a s shownin
l
Fig. 2(Coliga n etal. , 2 002). To redu c ethe n u mber ofthe ro u nds of ba cteriaf
tra nsform atio n, I pe rfo r m ed the s er ecombination rea ctions in a sing一e -tube
fo r m at in prin ciple a c c o rdingto the in structio n provJ
l
ded byln vitrogen. T his
l
1 0
Strategyha s tw o m ajo r adv a ntage s O V e !
~ '
Ln e C O･
t
tV17一 恥 O 佃 h ( 心.･
'
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t
ligation
-a ssistedc一o ningfoHowing eitherPCR re a ctio n o ris ()蜘 c n ofa r e sモricモio rl
fr agm e nt of mKIA ACDNA clon e
.
, (1)bec au s eI had a set of shotgu n clo n es
+
c o v e ringthe entirein se rt regio n of e a ch mKfA ACD N Aclon e, a shotgu n clone
enc oding a regio nto be pr oduc ed co uld be e asilyide ntified a nd the shotgu n
CD N A fragm e nt couJd be readi(ytran sfe r redtothe expre s sio npta s midof G S T
fu sio nproteinin ac orre ctreadingfra me bythe I
'
n vI
'
tro r e co mbinatio nre a ctio n:
a nd(2)the re is n on eed to de sign and synthesis the prim e rs for P C Rofthe
■
region to be a mplified. T his strategygre at一y simp一ified the co nstr u ctio n of
expres sio n pla s mids for mKJA Aproteins fus ed with G S T, particutarly in
c ombinatio n with a bioinfo rm atic sto o) de s cribed abov e. Once the shotgu n
clon es to be m anipulated are a"ocated, itis quite straightFon〟a rd to co nvert
■
m ultjp[e shotgu n p)a smids into c orre sponding G S T fusio nprotein e xpre s sion
plas midsin pa r a"el, e.g. ,in a 96- w el一plate.
2.3. Sm all- s c ale pr oductio n of m KIA Aprotein fu s ed w I
-
th G S T in a96w ell
fo r mat.
Be ca use the expre s sio npJa smids fo r mKIA Aprotein fu sed with G S Twere
generated in a96-vve"p一ate a sde s cribed above,they werefirstintr oduc ed into
E, c oII
'
D H 5u c e(ls(T O Y O B O, Ltd" Os aka, Japan)als oin a96- w eTLplate, and
then re c ove red wlth a M AGN)Apla smidpreparation robot(TO Y O B O). Fo r
a ctua一productio n ofre c o mbin a nta ntigen s, the re c o v er ed expre s sion pla smids
werethen subjectedtotra n sform atio n of E. c o/I
'
Ros etta(D E 3)pLysS ceJfs(E M D
Bio s cie n c e s
,
ln c. No v age n Brand, Madis on, W l, U S A), a B L21 derivative
de signatedto enha n c ethe e xpre sion ofe uka ryoticprotein scontaining c odo ns
コ
ll
ra rely us ed in a co/i(Schenk eta.1･
-
-
. I 19 95),:r! a9L:･
'
)- w ei!pkitミ1_i .
Expres sio nofGST fusio nprotein w aste sted byc ultu n ng E･ co/icelis卓n500
LJl of LBm edium in a 9 6- w ellplate form at. T he first pre一imin ary e xpres sio n
e xperim e nt wa sdo n eto ev a一u ate apr oductionJev eJofea ch G S T fu sio nprotein .
tn this experim ent, Ic ompared staining patter ns on s odiu m dodecyle sulfate-
polya c ryJa mide gelerectrophore sis(S D SIP A G E)ofaH a c oliproteins harboring
expre s sion pla s midsfo rtheirre spectiv eG S T fusio nprotein withthatofvehic一e E.
c o/I
'
protein s underthe sa m e c ultu r e c ondito n s･ lfa n unu su ally strong band
wa s s e e ninthe staining patte rn,itwastake nas anindic ationthatthepr odu ction
revelofthe G S T fusion pr otein w a s a c c eptable. Furthe rm ore.justin c a s ethe
●
ap par e nt m oトe cular ma s s of the proteinin the un us u aJJy strong ba nd deviated
considerablyfro m the predicted one, the produ c ed pr otein w a s e xcluded fr o m
further experim e nts. Subsequ e ntJy, the se cond prelJ
'
mina ry e xpr es sion
expe rim ent w a sdo n eto eva(uate whether or not the pr oduced G STtagged
protein co u一d be s ubjected to glutathio ne-based a冊nity pu rification . Fo rthis
purpo se,le stablished a n e a sy andrapida s say, here aftersimp一ydesignated a s
■
"
s orubiJtyass ay
"
, which enab(ed usto a se s snotonTythe s oJubiJJ
'
tybuta(so the
glutathio ne -binding c apability of the G S T fu sio npr otein in a high-throughput
m a ner. Ac on ve ntion a一m ethod ba s ed o nprotein blotana一ysis using antトGST
antibodyinclude s m ultiple steps a nd isthustim e- co nsuming(Braun eta/. , 2 0 02).
ln additon
,
dete ctio nusing a nti-G S Ta ntibody do e s n otn e c ess arily refle ct the
binding specifictyto the glutathione(Mu rray eta/., 1 998). Tofaithfuf[y che ck
thefe a sibility ofthe gtutathione
-bas ed a冊nity pu rific ationin practic e,I devis ed
this s olubility a s s ay ba s ed on the c aptu r e of the G S T
-tagged protein by
1 2
gJutathion eim m obiliz ed o n a s o!…dphas ero!…o w ed ヒy c!e陀c!Li(
･
'n ofpe r o xidas e-
co njugated anti-G ST antibody(Rab童n et a/. . 1 9 92; Sehr et aI. , 2 0 01). T he
e xperim e nta一detaifs ofthis as s ay ar edescribed in thelegend of F
:ig･ 3･ T he
a m o unts ofthe s oluble r e c ombin ant antigens with glutathio n e-binding abi(ity
were semトqua ntitatively expres s ed a s abs orban c e at405n m (A405n m), Which
wer e row outputs ofthe solub 州tya s say.
2.4. Pu rificatio n of m KIA Aa ntigensfused with G S T.
Ba s ed o nthe re s ults of the s oJubiJity a s s ay,Itooktwo differentapproache s
forprepar ation of mKIA Aantige n sfu s ed with GST depending onthe a m o u ntof
availabJe s olubre re combinant antige n s. W he nthe s olubi=ty a s say gave a n
A4 05n m Value一a rgerthan O･1 25, E. c oII
'
Rosetta(D E 3)pLysS c eHs harboringthe
e xpre s sio npta s midw ere c ultured in 500mtof L Bm edium c ontaining200=g/ml
a mpici)in a nd 1 0LJg/m) ch)ora mphen J
-
c ol fo r7 hou rs at 2 5
o
C
,
a nd the n
pr oduction ofthepr otein wa sinduced with 0.1 m M is opr opyl b
- D-thiogalacto side
()P T G)forfu rther1 5 hat1 8
o
C. T he G S T fusJ
'
on protein extra cted in a soJubfe
fractio n wa spurified o nglutathione-sepha ro s ebeads a sde s c ribed(Co]igan et
aI. , 1 97). Bacterl
'
a( PrOteins ar e so m etim es co -pu rified with G ST fusion
protein s. I took a simple m ethodfor rem ovalof
l
Lhe ba cterialprotein s such as
dn aK a nd GroE L(S her man a nd Goldberg, 1 991; T hain et a/. , 1 996). G S T
fu sion pr otein s atta ched to glutathio n e
-s epharo s ebe ads a re w a shed with
redu cing bu斤er c o n sitingfrom l Om M MgCt2, 1 0m M ade no sine 5
'
tripho sphate
(AT P) a nd 2.5LJM re c o mbin a nt GroE S(Ya s ukaw a et aI. , 1995), this simple
proc edure m ade e斤ectiv elyre m ove dn aK a nd GroE L(data notsho wn).
W he nthe s o)ubi]ity a s s ay gave a nA40 5,. nlValue sm alle rthan O･1 25, E･ co/I
'
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Ro s eta(D E 3)pLysS c e!…s harbo rir!gthe e xpre s s 旧rミPi,,_i.S nliG W e r e C ultu r e (_皇! n
5 0ml of L B m ediu m co ntaining 200pg/mi a rnpici=1 a nd 1 0i)gimI
chloramphenic ot fo r3･5 ho u r sat37
o
C
,
a ndthen produ ctio n ofthe protein was
indu c ed with 1 m M JP T G fo r u rthe r4 hat37oC. After rem o v al ofsofuble
pr otein s a s de scribed in the Iegend of Fig. 3､ the insoluble proteins wer e
s orubiLized with a sa mple buferfo rS D S-P A G Ea nd an alyz ed by S D S-P A G E.
After visualization ofprotein sby copper n egative staining(Coppe rStain: Bio -
Rad Labo r atories
.
Jn c.
,
Herc ule s
,
C A
,
U S A).the pr otein band was excised a nd
then s ubje cted to ele ctr o- elutio n with Model 422apparatus (Bio -Rad). I
alJo c ated protein ba nds to be e xcised a s de s cribed in the first pre一iminary
e xpre ssio n experim ent. Typica) S D SIP A G Epatte r ns ofthe rec o ve red s olub[e
a nd ins o[ubJe G ST-tagged a ntigens a r eshow nin Fig. 3 D. Afterpu rific atio nof
the a ntigens, polyclonala ntibodie s again st the mKJA Aprotein s were ge ner ated
in rabbits by s ubcutane o u sinje ction of e ach a ntigen mixed with Fre und
'
s
■ ■
complete adjuvant.
215. ConfI
'
rm atio nofthe proper expr e s sion by peptide ma ss fingerprinting
(P M F).
T he high thro ughput appro a ch ha sa pos sibilityto s ufferfro m the risk fo r
mis s- sele ctio n of the cJo n e s and of cfone -to - c(on e contamin ation . Such
prob一e m s m ainly occu red during man ual pro c e s sing; therefor eI tried to
introdu c erobotic sto eve ry po s sib一e step. Howev e r, s o me ofthe expre sed
protein sreve aled c onside rablydifferent Mr c ompar ed withthe c alc ulated o ne s.
To s o一vethis pr ob一em ,Ieva一uated the expres s edpr otein sbyP M Fu sing M AL D ト
■
T O F- m a s s(A X(M A-C F R; Shimaz u Co･, Kyoto, Japan). For exa mple, the
14
c atc ulated M, of mKtA A OO49proteh(eiutedfro7T:･ g!utathiu ri e S印ha r osc- c (山 m n
by PreScissio n(Am e rsha m Bioscienc es)pr()te as e-cie a vage)wa s?_2 kDa, but
the e x a ctMrba s ed o nele ctrophor etic mobility was 48 k Da(Fig､ 4 A.一eftpan el).
P M Fcle arly dem o nstrated the pu rified protein co ntaining C-ter min al peptide
コ
seque nce with a m aximum m a s s err o r of O10 8 Da . ln an othe rexa mple, the
fa ste rm obility ba nd of mKIA A O371protein obse rved fro m the S D SIP A G Egel
(Fig･ 4 A, rightpa n el)wa sidentified a s aprote olyticprodu ctoftheprotein . P MF
is tho ughtto be a po w eげul to oJ not onJyfor confJ
'
rm ation of the expres s ed
proteins butals ofo r c o mpr ehe n sive e va一u ation oftheirintegrity.
1 5
3. Dis c u s sio n
I have deve一oped a high
-thr o ughput syste-¶ for reco mbi= a=t antige n
produ ction utilizing shotgun fragm ents generated thr ougho ut the e ntir e
s equ e n cingofmKtA AcD N As･ The syste m co nsists ofthefollowingthre eparts:
■
(1)shotgunfragm e nts enc oding region ss uitable forproduction ofa ntige ns are
s e一e cted by using a br o w se r syste min which inform atio n regarding s evera)
fe atu re s ofamin o a cid is ava‖ab(e(hydrophilicity, s urface probability, flexibility,
and predicted s e c ondary stru cture);(2)the protein -c oding s equen c es ofthe
s e(e cted shotgu nfragm e nts aretr a n sfe red into an expr e s sio n ve cto rby anin
vitro re c o mbination - a s sited m ethod in a96- w e‖for mat, a nd are expre s s ed a s
G STfu sion protein sin E･ c oII
'
;(3)the s otubitiy ofthe reco mbin a ntantige n sis
te sted prelimina rilyin a sm a)IIS C a)e c u)tu re, a nd large -s care production a nd
コ
pu rific atio n are then pe rfo r med u sing gJutathI
'
on e- a冊nity be ads or by retrieva一
fro m polyac ry[a mide ge一s, depe nding on the J
'
r solubjlity. Usingthis method, I
c o u一dre cover210 mgofthere c ombina ntantigensin a verage, a nd approximately
44% althe r e c o mbin a nta ntigens were solubletodate.
Pr oteintags fo rthe a冊nity purific atio ngre atly affe ct the stabs)ity.I SOIubi[ity,
andyieJdofthe ba cteriaHy e xpr e s s edprotein s(Br a u netal. , 2 002). Ipreferr ed
to obtain the proteinsin s olublefor mforfunherpurific atio nofthe proteins a nd
cho s eG S T tagbe cau s e ofJ
'
ts wide us ewiths olubJere c o mbinantproteins(Smith.
2 000). To a chieve the m o st e庁e ctive a nd fe a sible protein e xpre ssion, J
an aJyzed 1 628 target mK(A AcD N As･ Against 1628target m KfA AcD N As,
EJ
s u c c e s sful expre s s
l
ron w a s obs er ved in 1371mK)A Aa ntigens. of which 6 01
w ere in a sotuble for m a nd 770werein insoluble from (Fig. 5 A). I do not
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dis cus shereinthe re a s on sfor un s u cc es sfulanige !
-
pr oducti O …
-
し Sinc ethere a r e
s e ve ral facto rs affe cting the s ucc e s other tha nthe fa ctor sde alt with in th!
'
s
study･ Am ong tho s ein s oluble form , 1 21a ntige n s wer e etuted from a
glutathione s epharo s e c olum nby Pr eScis sion
T "
prote ase -cte avage(carr etaI. ,
1 999)･ Other s oluble a ntige n sw e r ec o nv e -1tion ally eluted fro mthe c o一u m nby
1 0 m M gJutathio n e- c o ntain J
'
ng eJution buffer･ AItho ugh the s oluble a ntige ns
sho wed a n a rrow ra nge ofexpressio ntevels(m e a n=0.1 5nm ol/ml, S Dニ0.1 28),
the rewere r eJativeJy highle v els of in s o(uble a ntige n sand a broad ra nge of
e xpre s sio nlevels(m e a n=O15 5n m o]/m], S D=0.4 64) (Fig. 5 B). T he m a xim unl
yie一ds of s oluble a nd in s oluble antigens we re 0.87 a nd 4.1 4 n m oI/ml,
r espe ctiv ely.
Using the s e s a mp一e s, t atte mpted to determine the factors a什ecting the
s o)ubi]ity ofre combina nta ntige n s･ IanaJyz edthre epa ra m eters(hydrophi=city,
Mr, and p/)withregardto s olubi一ity u singthe We)ch m odifiedtwo -sa mple トte st
(Overa" et all , 19 95)a nd fou nd signific a nt co r elatio ns withe a ch pa ra m eter.
T he data are pre s e nted a shistogra m s ofthe actuaJnumber and as pe rc e ntage
p(ots of solubi一ityin Fig. 6. T he p valu es ofeachpa ra m ete r were < 0.0 01, <
0･0 01
,
and O･0 373
,
re spe ctiveJy. T he s olubiJityis c orrelated wJ
'
th hydrophiJcity
andis in v ers ely correlated with m ole c ular w eight. On the other ha nd. the
pe rc e ntage pJotofthe plindic ates aU IShaped relation, with highe r s otubiJityin
theIow a nd high a re a s ofthepl･ T he m o str e centreportbyLu a n etaI.(Lua net
a/
. , 2 004)statistica"yindicated the c o rre一ation of hydroph =city and s olubility,
which ha spreviouslybe e n empiric al)y noted･ In additontothe hydrophiJicity.I
fo u ndthatthe Mra ndpla re als o ofimporta n c ein determiningthe s olubility.
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The r ea re s eve ra一appr oa che s,喜nciuding n e u ronal n etw o rks､ decisio ntre e s…
Baye sian networks, a nd一in ea rdis criminates.fordetermining whichqu a一ities are
■ ■
the m o stimporta nt in pa rticula rapp一ications. He reI sele cted a decision tr e e
be c a u s e ofthe r e)ative e a s e of interpretability offe red bythe m ode一. ln this
c a s eIu s edthe Ginsc o effic e nt
,
a conl mOnly us ed indic ator ofin equality,to split
the nodes andto prune the tree (Brow n. 1994: Wagsta斤 et al. , 1991). T he
de cisiontr e ebuilton mydata s eta"ows usto pr edict the so一ubilty(Fig. 7). T he
first cJa s sificatio nis ba s ed o nhydrophjlicity, a nd the splitting variab一e r anging
fro m0.2 42to1.7 8repre s entsthehighprobabi)Styofthe s olub]efor m. A]though
the variable rangingfro m0.0 11to0.2 42repr esentsthe relativ elyhighprobab=ity
書
oftheins o一ubleform , this path furthe rc)a s sifie sthe s olub]eform ba s ed o nthe Mr
(Mr < 1 4.1 2 7 k Da). FoHo wingthebran ching path ofthetree, the solublefor mis
selected ba sed o nthe pI(p/< pH 6.6 04). T he tr ee cle arJyde monstratesthat
the M, andplpa rticipateinthe s olubityof G ST fu sio nprotein sas w e"asintheir
hydrophilicity. ln the pr e sent study, decisJ
'
on tree s built o n data fro m562
proteins m adeitpossibleto extra ctsever als equen c efeatu res re一atedto protein
so[ubjlity s uch as the pre sen c e of acidic residue s(Berton e et a/･ . 2 001).
T her efore decisiontre e m aking s e em sbe a ne庁e ctive w ay ofestim atingdatafo r
ala rge n u mber ofs a mpJe s･ T he tree tends to give ris eto n u m e r o u s node s
depe nding o nthe data s et;Itherefo reus ed o nlythreefactorsthatca nbe e a s舌)y
c aJc ulated. T he tre e r e s u(ted in simp一e partitio n s a nd high=ghted the
importa n c e of M, and p/ with regard to the s o]ub =ty ofre c o mbin a ntantige ns,
co n sequ e ntly determiningitto be w o rthwhile to co n sider the high
-thro ughput
produ ctio n of ba cteriaJlyrec o mbinantprotein s･ I didnotc onside rthe eHectof
1 8
G ST-tag to the pr otein folding of n o !1- G S T fu s;o n pai n e rt a w eIトkno w n
phe n om e no ninthe protein expre ssion field(Kapu stand Waugh, 1 999). T hus
fa rlre co m mendthe us e of mydecisio ntre eforlimited r e co mbin antpr otein s.
ther ebyexc)uding une xpectedproteinfoJding oftheprotein sin whichtheirn ative
foldedstructu re s ar eextre m elyimportantforfu rtherbioche mic alan alysis.
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Lege ndsfo rFigu r e s
Figurel･ A br ows e rsyste mfor aIIo cation ofa r egio nto be u s ed for a ntigen
■
ofe a ch m KIA Aprotein .
W hen I (a unch the brows er by clicking of the progra mic on ofthe m KIA A
CD N Aclone which I de cide to s ele ct forshotgu n cloning, Ic a n s e ethe several
antigenicfa ctorstogether withCD N A(1)a nd protein(2)sequenceinfor matio n
fro mboth hum a n a nd m o u s eKIA Agen es. Availableinform ation are m e mbran e-
span ning regio npredicted by S O S Ul(3), hydrophilicity(4). surface probab=ty
(5), fle xibility(6), predicted s e c ondary stru ctures(7), a nd antige nicityindex(8)
(C ho u and Fa s m a n, 1 9 78;EminietaI. , 1 985;Ga rnier eta/. , 1 978;Hir okawa et
a/. , 1 998;Hoppa nd Wo ods,1 981;Jame s on a nd Wolf,1 988;Karptu s a nd Schulz,
1985). Ican als o s e ethe span ning region ofeach shotgu n cTon e(9). T he
Numbersin pa re nthe s e s a r e c o rr e spo ndingtothe n u mbe rsin figure 1. T his
view is overview
,
howe v er,Ic an m agnifythe a re ain which Ia r einterested. I
can a一so view the entire o rigin a一 s equ ence chrom atogr ams by clickin9 the
● ■
co r re spo nding shotgun bar. This window m ay he一p u sto s ele ct appropriate
fr a nle Of de stinatio nve cto r. Ba rinthe windo windic ate s5
'
fla nking s equenc e of
attBlre c o mbin atio nr ec ognition site.
Figure 2. Outlin e of the strategyto con str uct of e xpre s sio n m KIA A
ptasmids bythein vitr o re c o mbin atio n
- a s sisted m ethod･
A)0.8- to1.0- kbshotgu nfragm e ntsderived from whole mKIA ApJa smid D N A
wereligatedinto the depho sphorylated S〝-∂ トdige stedpB S 2S K
-E X P S Bve cto r
de s cribed previo u sly(O ka z akiet all, 2 002). Sinc ete mplate sfo r s equ encing
were obtained bydire ctc olonyP C R,the r e m ainingP C Rprodu cts w er e re cyc一ed
27
fo r re c o mbination re a ctio nsto c on s
.
Lr u 〔:iOfe xi⊃r e S Si() np享as midこ主. Tr,
I r ninimi/_(≡
the chan c e of mis -inco rporatio ndu ring P C Rr e a ction. P C Ra mpSifcat10n W as
pe什orm ed u singL A Taq po)ym e ra s e(Takara Bioln c., S higa,Japa n)sin c ethisis
kn o wntohav ehigherfide一itythan c on v entiona一Taq polymer as e. andthe nu mber
of P C Rcycle s w a skept 2 0. First,the B Pr ea ctio n w a spe什o rm edto c re ate an
e ntry c一o n efro mthe P C Rprodu cts. Subs equ e nt一y, the re sultant entry c一o ne
c o ntainingthe P C R fragm e nt wa sus edfo rL Rre a ctio n. T he se re a ctions were
peげorm ed in a sing一e
-tube fo r m at in prin cip一e a c c ording to the in stru ctio n
t
de s c ribed bytnvitroge n. De stin ation ve cto rPG E X
-4 T D E S forL Rre a ction w as
c onstr ucted byins e rting a n attRl
- c cdB-Cm
r
- attR2 fragment(lnvitroge n)into a n
Sm alsite ofa PG E X
-4 T Ive ctor(Am ersha m Bios cie n c e s). Am
r
, Gm
r
, a nd Cm
r
are ab breviatio nfo r a mpici川n - , ge nta micin
-
,
and ch(ora mphe nic oトr e sista n c e,
re spe ctiv e]y･ T he c cdBge n e e n c oding a toxin ta rgeting the es s ential D N A
gyra s e of E. c o//
l
andthe phagela mbda reco mbination sites(attB, attP. attL and
at R)are als oindicated inthisfigure･
B)Six diffe re ntreadingfra m es ofthe de stination ve cto r were prepar edfor
adaptatio n to e v e ry shotgun clo n es･ l als o c onstru cted PG E X
-6 P D E S that
de rived fr o m pGE X16 P-1 (Am ersha m Bio s cienc e s) enc oding PreScis sion
l
'
"
prote a s e re c ognition s equ ence. T he mK[A Aantigensfu s ed with G S Tpr odu ced
fro mthe s enew c o n str ucts e n abled u sto elute mKIA Aantige nfro mg)utathio n e
Sepha ro s e- co一u m nby prote a s e cle a v agele aving G ST m oiety o nthe c o一u m n
(data n ot sho w n). I de cided to apply this strategyto the ne xt stage ofthe
mKIA Apr otein purificatio n a sfar a spo s sib一e sincethe(a ck of G S Tm oietyis
prefe rab一eforthe produ ctio n ofa =tibody･
2 8
Figure 3･ FIo w diagra m a nd r epre s e ntativ e res u托s ofthe expr ession and
the pu rific ation ofthe r e c om bin a nt m KIA Aproteins .
A) Flo w diagra m of the steps for e xpre s sio n a nd pu rific atio n of the
re c o mbina nt mKIA Aproteins. Ne arly 96s e一e cted shotgun fr agm ents wer e
sim uttaneouslytran sfe red into e xpre s sio nve ctoru singB Pa nd L Rre a ctio nsin a
■
9 6- w eH plate, fo=o w ed bytransfor matio ninto E. c oli D H 5= cells(T O Y O B O).
After single c olo nie s were picked up, theirin s ert siz es w e re c ompar ed tothe
origin al P C Rprodu cts o n agaro sge) eJe ctrophore sis to elimin ate the risk of
ac cidentals ele ctio nofw ro ng clone sdu ringthe s e stcpsL T hese P C Rproducts
■
w e r e als o u s ed for s equ e n c e ana一ysis to c o nfirm their s equ enc einteg｢ity･
Robotic allyis olatedp[a s mid D N As we r ethen u s ed fortra n sform atio ninto E･ c o/i
Ro s eta(D E 3)pLysS(Novagen)inthe s a m e96-v vellfor mat･ Expre s sion ofthe
G S T fu sio nproteins wa ste stedin the 96- w el =o r m ata sde s cribed in(B)･ T he
s olubility ofthe G S T fu sion protein s w a s als otested by s o!ubi=ty a s sayin the
t
s a m eform at a sde s cribed in(C). T he G S T fusio n protein s w er di汗erently
purified a c c ordingtothe r esu一ts ofthe s olubih
'
tya s s ay.
B)Atypic alre s u一toffirstprelimin aryexpr ession experim ent･ E･ c oII
'
Ro s etta
(D E 3)pLysS c e一ts harboringthe expre s sion pla smidwere c ultu red in 500LJlof
L Bm ediu m c o ntaining20 0LJg/m[ampiciTin and 5lLg/mlchfora mphenicoJ for16 h
■
at3 0
o
C. s ubs equ e nt一ydi)uted o n e
-te nth in 500ul ofs am e m edium co ntaining
o.2 m M [P T Gandc ulturedfo rfurther2 hat37
o
C. Fo)lowingc e ntrifugation, ce一t
■
pe=ets we r eres u spended in 7 5=Iof 1x S D Ss a mple bu斤e r(50m M TrisI H CI
pH 6.8, 2 % SD S,1 0% glyc e rol,1 %rl
- M E, and O･02 % B P B)I On e-tenthofthe
r e s u spe nded c ellpe=ets (715 LIL) w as re s olv ed on 12 % s odiu m dode cyle
29
sulfate-polya cryfa midegetc
･fectr opho re sis(SOS-P A G E
■
)呂ミ1d thegeis w e(e then
stain ed with Co om assie Bri]IiantBlue(R-2 50; Wako Pu re C he mical ln(ju stnle s,
Ltd.
,
Os aka
,
Japa n). T he po sitions of m olec ula rm as s m arke rs(in k Da)are
indicated onthe rightof the e a chpanel Cor re sponding mKJA An u mbers were
indic ated o nthetopofthe e a ch la n e.
C) Repre s e ntative re sults of the soJubiJJ
'
ty a s s ay. E. c oII
'
Ro setta (D E3)
pLysS c elts harboring the e xpre s sio n plas midw er e cultu red in 500いI of L B
m ediu m c o ntaining 200i)g/mla mpiciJ
'
n a nd 5i)g/mtch(ora mphenico[for1 6 hat
■
3 0
o
C･ subs eque nt一yd=uted o n e-tenth in 500り)ofs am e m ediu m co ntaining O･1
m M fPT Ga ndc ultu red fo rfu rthe rl･5 hat 25
o
C･ Fo"o wing c e ntrifugatio n, cell
pellets w e relys ed in 1 00=l CelLytic B I)(Sigm a-Afdrich Co. , St. Louis. M O,
U S A)and s o(uble proteins we r e extra cted from the c ellpellets. Afterdilution
with T BS(25m M Tris- H Cl, pH 8･0, 0.1 5 M NaCJ), o ne-hu ndredthofthediluted
s olubte protei= s were then c aptu red byim mob =zed g山tathio = e o = a96weII
p)ate(Re a ctトbindgJutathJ
.
One c o atedcle arstrip prate;Pier c eBiotechnology.lnc. ,
Ro ckford, IL, U S A)･ T he c aptured so山ble protein s were dete cted by
pe ro xida s e c onjugated anti-G S Ta ntibody(Am ersha m Bio scienc e s),fo(low ed by
c olor developm ent (blu e-gre e n) u sing 2,2
l
- azin obis(3-ethyJbe nzthia z o=n e-6-
sulfo nic a c(
'
d) (A B T S; K P L, tn c. , Gaithersburg, M D, U S A). A4 0 5‖m W as
determin ed witha micr opTate re ader after6- min pe ro xida s ere a ction . A4 0 5n mis
indic ated o ntheleft. Co rre spo nding mKIA An u mbers wereindic ated o nthe
botto m ofthe e a chla n e･ A4 0 5n m = 0･1 25,limitedthreshold ofthe s olubJ
I
ity, is
indic ated bya da sh lin e.
D)Repre s e ntativ ere s ults ofthe pu rified protein sI Afterjudgme ntby the
3 0
s olubility as say. E. col(
'
Ro settr3([〕E3)pLysS c(I
-
;tis i-(-l V e と一重ed A(tc,ニ.n -ン = 0.1 25w e r e
c ultured were culturedin lOmlof L Bm ediu m c or舶in套ng20日iJg,
l
mla mpicilin and
10LJg/mlchlora mphenic olfor1 5 hat37
0
c, andthentransferredto5()0mfofthe
s a m em ediu m. T he ce=s w e r e cultured foranother7 hat25
0c
,
s ubsequent一y
add 0.1 m M IP T Ga nd cultur ed fo rfu rthe r1 5 hat 1 8
o
C･ The cel pe]let wer e
disrupted by Multトbe ads sho cker(M B 501 P U; Ya sui Kikai Co. , Os aka. Japa n)
withg一a s sbe adsin 2 5mlof T BS bu斤e rco ntaining0,0 2% Twe en 20. 5m M E D T A,
0.2 %lうー M E, 1m M P M S F, 5 LJg/mI Antipain, 5LJg/mI Le upeptin, a nd 5LIg/ml
Pepstatin A. G S Tfu sion protein wa scaptur edto1 mlofg]utathio n e s epha ro se
beads(50% slu ry)(Am ersha m Bio s cie n c e s)forlhatro om temperatu re･. a nd
the n eluted by 5 mlofglutathione bu汗e r c ontaining 1 0mM glutathione! 0･1 M
Tris(pH 8.0), a nd 0.2 M NaCl. Onthe othe rhand, E･ c ol]
.
Ro s etta(D E3)pLysS
c e=s re v e a一ed A40 5.t m
< 0.1 25w e re c ulturedin 2mlof L Bm ediu m c ontaining200いg/m(a mpicifin a nd 5
■
帽/mtchlora mphe nic ol for15 hat37
oC
,
and the ntra = sfer｢ed to 50mlofs am e
m ediu m. T he c eI[s we re c ult red for a nolher3.5hat 37
0
c
,
andthen add 1mM
IPT Ga nd cultu redforfurthe r4 hat37
o
C. The c ellpe=et wa ss o nic ated by
B10 R U P T O R(U C W-2 01
1
, Cosm o BIO Co･ , Ltd･, Tokyo, Japan)in 2ml of
BugBu ste r(No v age n). Anin clu sio nbody w a s exte n sive一y w a shed with T B S
bu汗erc ontaining0.0 2% Tw e e n20, 1m M E D T A, O12% ドー M E, and 2% Triton X
-
1 00. Re sidu al pel)et wa s r e su pended in l X S D Ss a mp一e bu汗er a nd
ele ctrophor e s ed on S D S
-P AG E･ After n egative staining(Coppe rStain; BioI
Rad),theprotein band wa s e x cis ed the ntheprotein w a seluted by electro
- e)uter
(Mode一 422; Bio -Rad). Sm alla m o u nt ofpurified protein s were re s olved o n
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1 2 %S D S-P AG E for co nfirm at旧!.- Ofthe pu rity. Moiec u加 '71a S S n larke rs(in
k Da)a re indic ated o nthe一eftofthe pa n e書. Corre spo nd蔓ng m KfA Anumbers
wereindic ated o nthetopofthe e a ch lan e.
Figu re 4･ T he c o nfir mation ofexpres s edproteins byP M FI
A)Purified mKJA Apr otein sw e re resolv ed byS D S-P A G E. T he getwa sthen
stain ed with C B B･ Molec u(ar m a s m arkers(ink Da)ar eindicated ontheleftof
the e a ch pa net･ T he numbered arrow sindic atethe positions ofthe ba ndsthat
were e x cis ed fo rdige stio nbytrypsin(Sigm a- AIdrich)in a m m oniu mbicarbo n ate.
Peptide s produc ed by in-get dige stio n were c o n c e ntrated withZipTipc18
(M =ipore Co･ , B 榊eric a, M A, U S A)fo rM A L Dl-T O Fa n alysis. T he peptide swere
etuted with 1-2LJIofm atr:'x so7utio n(s aturated -l- Cyan o-4-hydroxycin na mic a cid
(Sigm a- Aldrich)in 50 %a c etonitrile, 0･lO/
/
o T FA
,
1 00 fm ote/LJI AC T H1813 9chip
(Sigm a- AJdrich). Jntern al m ass c ah
'
bration of peptide m a ss m aps w a s
perfor med u sing porcin etryptic a uto c atalyticproducts(m/I8 42.5 09 8)a nd A C T H
(m/z 2466･2 022)･ T he re s ulting M S data s etwas a n alyz ed u singthe M A S C O T
s e arch e ngine(Matrix Scie n c eLtd., Lo ndon, U K).
B)Amin o a cids s equ e n c e s ofc orresponding m KIA Aprotein s were show n,
Red chara cte rindic ate s a min o a cidsidentifJ
L
ed by P M F. Unders c oreindic ates
a mino a cidsidentified intw obutn otinthre e ofthe S D S- PA G Es a mple s.
C)Ijudged p｢ope｢ expr e s sion to have o c cu｢｢ed whe n m ore tha nfo ur
fragm e nts ofthe c orre spo nding mKIA Anu mber were identified. T he tab一e
shows the re s ults of M AS C O Ts e arch and numbe r on S D S-P A G Eare
c o rr e spo ndstothe numbe rsindic ated bya rows･
Figu r e5. Su m m a ry ofexpr e s s ed m KfA Aantigen st
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A)The r ates ofs oiubie a!1tigen sare repr e seit,ted gr ay a rt,J
.
A,hi{LC S u rfaces,
whe re a stho s e of ins ofuble a ntigens ar e sho w nきn dark gray･ Rec o mbinant
G S Tfusio n proteins we re e xpre s s ed and pu rified a c(ニOrding to a previou s一y
de s c ribed. T he s oluble a ntige ns w er epurified o ngJutathione -s ephar os ebe ads
by 1 0 m M glutathio n e-c o ntaining elution bu汗e r (gray s u rface) or by
PreScis sjo nT " pr ote a s e- cle avage (white surfa c e). AJte r natively, ins oluble
antigens were retrieved byele ctro- etutio nwith Model 422apparatu s(Bio -Rad).
B) Histogra m ofthe a ntige n sbas ed on protein yield. T he nu mbers of
soluble(I)a nd
'
[n s o)uble(□)antige n s w e replotted again stthe protein yie一d.
To e xcludethe e斤e cts ofprote a s e cle avage,the protein yieldw a s calc u]ated by
thefo一owingfo r mula:totala m ou nt ofprotein(g)/ m olar m a s s/cu一tu r e vo(um e
(mt).
Figure 6. Histogra ms a nd per c e ntage p一ots ofthe a ntigens ba s ed o n
hydroph =city, Mr, andp/.
T he numbers ofs oluble(I)a nd ins olubJe(□)antigens were p一otted again st
e a ch para m eter(top). T he percentage sofsolub一e a ntigens we r e als oplotted
again st e a ch pa ra m eter (botto m). Hydrophificity wa s calculated u sing the
proc edu re of Hopp and Woods (Hopp, 1 989). I detected an appare nt
c o rr e(atio nbetw e en s olubility a nd e a ch pa ram eter u sing Welch m odified tw (ト
s a mp一ei-te st(Overalle[a/. , 1 995).
Figu r e7. De cisio ntre ebuilt fo r s olubility pr edictio n･
T he re sufting qua ntifI
'
ed data we r e a n afyz ed on a mic ro c o mputer(Windows
PC)u sing Vis u a一 Mining Studio (Mathe m atic al Syste ms ln c･ ､ Tokyo, Japa n)
m odifed forthis pr oject. and a de cision tree wa s then constructed. A幸l
3 3
para m ete rsw e re c alc ulated t
F
r(
1
, m a min o a c!d s equ ( 汁- C e SOfthe fu sio nprc)tein s
without G S T-tag. Pictured is ade cisio ntr e ebu=t to predict the tenden cyfor
protein s ofubilizatio nba s ed on a nlino a cid fe atu re s(v a riable(V):hydroph‖icity,
Mr, and pJ). The n ode s ofthetr ee are ｢ep｢e s ented by ｢e cta ngtes. T he white
re cta ng一e repre s entsthe s olubleform andthe grayre cta nglethein s olubleform .
The sp=tingrangefore a ch node appe a rs ontopofthethree subsequ entnode s.
T he de cision tr e e algorithm c alc ulate s allpo ssible splitting r anges fo re ach
v a riable, s ele cting e a ch variable a ndits range to optimize the hom ogen eity of
the thre e subs equ e nt n ode s. T his de cisio ntre e atgo ｢ithm is f｢ eely ava=able
thro ughthe website(http://w ww .ka zusa･o r･jp/ingap/r e al/dtre e･html)A
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Chapter2.
Co mpr ehe n siv e e v a]u at
]
(o n ofa nti･ m KIA A
a ntibodie s.
35
Su m m a ry
I des c ribed the syste m for high
-thr o ughput p!
■
odu ctio n of antige nfor a ntト
mK[A Aantibodies productio nin chapter1. Usingthese a ntige ns, r ab bits w e re
im m u niz ed c onventional一y and my一imited e作orts w e re c() nc entrated on the
e v aluation ofthe a ntibodie s;the most critjcal step thatfoI(o w sthe antibody
productio n. To achieve high-throughput evalu ation of the antibodies, I
developed a system in whichthetite ra ndthe spe cificty ofthe a ntibodie shave
be e ne xa min ed by s evera一im mun ologic al m ethods(E LIS A, We stern bloting.
andim m unohisto che mic aJ a n aJysis). Using the se syste ms, I evaluated m ore
tha n1 000a ntibodie s raised against m KIA Aprotein stodate･
■
3 6
lntroductio n
Spe cific moJe cule sthatc aptu r epr otein s, s u ch as antibodie s. hav ebec o me
strong toolsin prote o mic res e a r ch. T he refo re, i ha ve generated
■■
Jibr a ry
17
of
antibodie s against mKIA Aprotein s(Hara et al. , 2 0 03;Koga etaI. . 2 004a
-
, Koga
eta/. , 2 0 04b). Although the ultim ate goalofthis proje ctisthe e[u c(dation ofthe
fu n ctions of KIA A/mKIAAprotein s,initialstep ofthis proje ct wa sthegen e ratio n
of antigens bas ed o nthe CD N As equ e n ceinfo rm ation. ln chapte r1 ofthis
the sis,l des cribed mys o一utiontothis step.
Nextc rJ
'
tic a)stepofantibody productionisthe evalu atio nofa ntibodie s. T hu s,
I evaluated the titer and the spe cific ty ofthe a ntibodie s syste m atically. T he
anti- mKIA Aa ntibodies w ere subjected to fiv eim mu n oJogic a[te sts to ev a(uate
■
theirtiters a nd specificties. Although a few n o n-profitinstitute shav ethus far
ate mpted to gen e rate a ntJ
'
bodies o n alarge s c a一e, this kind of syste matic
eva一uatio nofc o mprehensiv e)y ge n erated antibodiesha s notyetbe en perform ed.
Fo rin stanc e
,
the Nation al Institutes of He a一th(NIH)istryingto pr oduce mo use
mon oclonal antibodie s u sing che mically synthe siz ed peptides (Keysto n e
Sympo sia Proteo mics:Te chn ologie s a nd Applic atio n s;Keysto ne Re so rt, March
●
2 513 0, 2 003), the Deutsche Ge s e=s chaftfor Proteo mforschung(D G P F)has
la u n ched a proje ct to produ ce 3,0 00m o n o clo nal a ntibodies(Prote o mic Foru m
20 03;Te chnJ
'
s che Universit畠tM 山n chen, Septe mbe r1 4
-1 7
,
2 003), a ndthe Royal
ln stitute of Te chn ology(K T H) Ge no me Ce nter is trying to produc e rabbit
poJyclo n a[a ntibodie s again st 14,0 00 hum a nproteins(Agaton etall , 2 03), and
60a ntibodie shave a一re adybe en gene r ated(The 5th lnter nationa] Wo rkshop o n
Adva n c ed Ge n o mic s;Pa cific oYbkoha nla, June 26-2 7, 2 003). Evenin these
3 7
huge projects, on(y o n eortt /^o tT盲ethods w e(e us ed +LO e V;
-
jiu ate a,1他 日rJie s. t
c o nsiderthat m o re a c c u mu一ation of e v afuation is impo rtant i() make us e of
antibodyinthisproje ct.
Geno mic and prote onlic fields of scie n ce ha v e bee n indepe ndently
progre s sing and accum u一ating a wealth of inform ation r elatingto ge n e/pr otein
e xpr e s sion (Cho ud hary and Grant. 2 004: Mir nics and Pev s n e r, 2 004). For
bette ru nde rsta nding ofthe biologic alphe nom ena,itis ne c ess a ryto harm o niz e
the data generated from differentfieJds(Grant. 2 003; Wi一s on, 1 998
'
,
W i一s on
.
2 001). On e w ay of doing this is c omputation a) bio一ogy;this appro a ch has
aJready addre s s ed s o m efu nction a(re一ation ships betw e e nun r etated bio一ogical
phenom e n a(Kitano! 2 002: Kyoda a nd Kitan o, 1 999). The o nlything again st
this appro ach is that the reliability of the r efe r red data s et dete r mine sthe
c on clu sion. W itht isin mind,Ipla n nedto developthe databa se fo rgen o mic
andprote omic a na一ys e s a ndto accu mulate ar eliab一e data s etby myse一f. Ius e
CD N Amic ro arraydata a nd im m unologic affy e v aluated resultsfo rthe databas e.
事
Ho w eve r
,
to the be st of my kn ow一edge, this type of databa s e ofgenomic and
prote o mic a n alys e sha s n otyet be e n e stablished. Ia m goingto de m on str ate
that the us e of the databa s eis quite helpful for the better fu nctional
chara cteriz atio n of KIA A/mKIA Agen e products a nd dis c uss potential
adva ntage s ofthistype ofintegrated databa s e.
3 8
2. Expe rim enta一Pr oc edu r e
2.1. Antibody production.
Afterpu rificatio n ofthe a ntigen s, e a ch antigen(lug pera r ab bit)mix ed with
l
Fre und
-
s c o mplete adju vant wa s subcutan eous一y injected to r abbits o n a
biweek一y inje ctio n s chedule. T he r ab bits were s acrificed, a nd s era were
collected 7 days aftertheLa st boo st. T he s er u m was re m oved fro mthe clotand
anyrem ainingin s oJubJe m aterialre m oved byce ntrifugation at1 0,0 00gforlOmin
■ t
at4
0
c.
2.2. We stern blotting using the s a mples extr a cted fro m adult m ouse
J i
O rganS･
A duJt m o u s eo rgan s(!C Rstrain,1 0w e eks)wer eho m ogenized with CelLytic
M(Sigm a- Atdrich Co., St. Louis, M O, U S A)c ontaining 0.5 % Prote as elnhibito r
Cocktail(Sigm a - AIdrich)- Super n atants were LJS ed a s s a mples for We ster n
blotting. Twenty mic rogr a ms ofeach sa mple was resolved by5-1 5% gradient
S D SIP A G E, tran sfe red to PIFIL M(20/20 GeneSystem sln c. , Ro ckvi=e M D,
U S A), and probed with the diluted antj- mKIA As erum (1:5 00). Afte r washing
with P 巨sc o ntaining 0.0 5 % Twe en 20, thefitter w a sincubated with hors er adish
peroxidas e
-c o njugated a nti-r abbit JgG (1: 2000, Am ersham Bio s cien ce s Co,
Pis c ataway, N｣, US A)a nd specific p｢otein s were dete cted using a nenha nc ed
che mJ
'
u min e s c e n c e syste m(E C LpJu s;Am ersham Bio s cienc e s)(Fig･ 1 C)I
2.2. We ste r nblotting u sing the s a mple s extr a cted fro m cell lin e sderived
仁j
fro m se v e ralm ou s etis su es.
Equ ala m o u nts ofc釧 Iys ate sp｢epa ｢edfr o mll cu仙 re ce=‖ne s(B1 6. F 9,
F M 3 A
,
ト10
,
L L-2, L 929, M B T-2, Neu r o2a. P 388 Dl, Sw IS S3T3. a nd YA Cl)we r e
39
r esolved by 8 %(whe nthe e xpe cted Mr ofthe ge n epr odu ct w a sm or eli･ 椅 n
-
70
kDa)or10 %(whe nthe e xpected Mr ofthe gen epr odu c'L W aStes sthan 70 k Da)
SDS-PA G E, a ndthen tr a nsferr edto aP V D Fm en lbr a n e(Im m obilo n-P:MiIIipore
Co " BiIIe ric a, M A, U S A). T he m e mbr a n e wa sprobed with a nti- mKJA As er u m
(1: 10,0 00. lower pan el Fig. 1 B) a nd the same dilutio n ofpr eim m u n e ser um
(uppe rpan e一)byu singthe m ethodpre viousfydesc ribed(Magae etal. , 1 9 97).
2･ 3･ Im mu nohisto che mical a nalysis of m o u s ebrain using free･floating
■ ■ ■ ■ ■
Vibrato m e sectio n s.
A dutt mic e(tC Rstrain,1 0-1 2weeks)w ere peげusionfixed transc a rdially with
a soJution of 4 %paraform aJdehyde a nd 0.5% picric a cid in P BS under de ep
■
Ne mbutal a n esthesia. Co r o nal sections (70[lm thick) of the brain were
prepa red on a Vibrato m e. T he se ctio ns w er eim m e rs ed with diluted anti-
m KIA As e r u m(1.
' 2 0 00)in a151 mlconicaltube a ndthe nwith FJT C-Jabeled anti-
rab bit lgG a sthe s e co ndary antibody(1:200, M B L Ltd., Nagaya, Japa n).
Specific pr otein lo c a[ization w as obs er ved using a confo c aH as e rscanning
●
microsc ope(Car一Zeis s, O be rko chen . Ge rm any).
■
2･4･ Ectopic e xpre s sI
'
o n of fulllength KIA A/m KIA Agen es.
Protein- c oding s equ e n c es with the te r mination codon destr oyed by a 1-bp
s ubstitutJ
-
on wer e cloned into the PCD NA-DE S T47 ve ctor (In vitrogen Co. ,
Carlsbad, C A, U S A)to c o n struct G F P-fu sion K]A A/mKIA Aprotein expr es sion
ve cto rs u singthe Gatewayr e c o mbin ation c一oningsyste m(tnvitrogen). H E K293
c e‖=ne w a s cultivated in Du]be c c o
'
s modified Eag)e mediunlSup p一e m entedvvith
lO% fetalbovine s er um (Jnvitr oge n). Appro xim ately 2 x 1 0
5
c ells w e re plated
on 351 m mgla s sbotonl C ultu r edishe s(MatTe cCo., LoveJand, M A, USA)1 day
40
before transfe ctio nL Tr a n sie nミ
1
tr a n s官ecic,n v v3S Peぎ
ー
触 r n ed by us;ng け■e
FuG E N E )ipofe ction method(Ro che 口iagn o stic s､ Ba s eJ; Switヱer!a nd)with 1!lg
ofthe e xpressio nv e ctors. At46-5 0 hpo sttr a nsfe ctio n. the c elts and the celu!ar
location of the G F P-fu sio n proteins we reanalyzed with a Zeis s Axiov e rt
fluo res cence micro s c ope.
2･51 m K IA ACD N Amicroa rr ay a n alysis.
■
Expr e sio nprofi一es of mKtA Age n e sw e re comprehensiv e一yex a mined by m KIA A
CD N Amicroarray･ Jn brief, mKIA ACD N Aplas mids we re amplified u singthe
Te mpliPhi DN Aamplificationkit(Am ersham Bio s cienc e s)a ndthen spotted onto
a ny一o n m e mbr an e(Biodyn eP(us;Pa" Co ‥ Ea stHi"s, N Y, U S A)atta chedto a
slide g)a s s using a Gen eTa cR Almic ro a rayer(Geno mic SoJution s, An nArbor､
M I, U S A)･ Forthe probe s, totalR N Asfrom 13 differe ntorgans and 4 di汗erent
are a sof brain(lC RstraJ
'
n, 10 weeks, m are)wereprepa r edu singT RIzoJRe age nt
(ln vitrogen) and the n mR N Awas pu rified u sing [tM A C Sm R N A iso一ation kit
(M ‖tenyi Biotec, Be rgis ch Gfad ba ch. Ger m any). Afte rconfir m atio n of m R N A
pu rificatio n usingthe Agite nt21 00 Bio a n a]yzer(Agi]entTechn ologJ eSlnc " PaJo
AJto, C A, U S A),the mR N Awa stabeled with[u
3 3
p]d C T P byreve rse tra nscription
prim ed by orrgo-dT Hybridizatjo nwa sperfo rm ed at68
D
c overnightJ
.
n 2 00!LJof
Pe rfe ctHybs olution(T O Y O B O, Ltd. , Os aka,Japan). Afters ubs eque nt washe s
with 2xS S C/1% S D Sa nd Ol x S S C/1% S D S,the m e mbrane s w e re e xpos edto
Im age P一ate B A S-S R O813(Fuji Photo F‖m Co. , Tokyo, Japan)for 3 days.
Hybridiz ation sJ
'
gn a[s we redigitized u sing FL A-8 000microa r ay s c a nn e r(Fuji
P hoto F‖m)and quantified using ArrayGauge an alyzing softwar e(FujJ
'
P hoto
FiJm). T he re s ulting qua ntified data were then an alyzed o n a mic ro co mputer
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(Windows P C)using Vis ual MLnir:..g SIJurui･;c(Mathe 汀1:t!+LiC a呈Syミ)rLf1!
.
n Sirl C. , To;くy(),
Japan)modified fo rthispr oject･ Aftersubtra ction of ba ckgrou nd, m ultipJe slide
no rm a(ization was perfor med usingthe signa卜inte nsityfor11 91 bp H
l
/
'
nd =/Sa cI
コ
fragm entofletgeneto adju stfordifferentsa mple varJ
'
a ncesinlog ratios a cro s s
m embr a ne s. At一east tvvoindepe nde ntexpe rim ents w e re pe什orm edto r educ e
v a riation s re一ated to labeh
'
ng and hybridiz atio n e冊cie n cie s a m ong the
experim e nts.
2.6 Databa se c o n stru ction .
l=GaP databa se is writeni= Pe rl v e rsion 5･O using C GItech=ology･ T he
C Glapp(ic atJ
'
on ru n s onthe Apa che H T T Ps e rver and m ediate sco m munic ations
betwe e nthe Po stgre sSQL T 2(ReTationaI Databa se Ser ver) a nd D BI(a
database interfa ce m odule). Both the servers are ope ns o urce softvvare but
their platform is c om m er cially avai)ab)e . T he re c o me nded w eb c=e nt J
'
s
Netsc ape 6･O b｢ ows e r o｢higher.
4 2
3. Re su暮ts a nd Dis cussioll
3.1. high･thro ughputev alu ationfor a ntibodI
-
es
T herabbitantise r aagain st m KIA Aproteins wer e s ubjectedtothefo]Io wing5
■
e xperim ents to ev aluate theirtite rsa nd spe cifictl eS:(1)E LtSA
L
,(2) Weste r n
b)otting using the s amples e xtra cted fro m adultmo u s eorgan s
l
, (3) Weste r n
blotti=g u singthe s amp一es e xtra cted fr o mce 川 ne sderived fro m sever a一 m o し｣Se
tis s u e s;(4)lm m u nohisto che mic al an a一ysis of 21 di什ere nt m o u se organs using
Tis s u eArraySlide;a nd(5)1m m unohistoche micalanalysis ofm o u s ebr ain using
free-f一oating Vibrato m ese ctio n s･ For high
-thro ughputana一ysis,l u sed Pr otein
Functio n)de ntific ation Layered Me mbr an es(P-F(L M, 2 0/20 GeneSystem s)fo r
my We ster nblota n alysisI T he s e membrane s madeitpo ssible to transferthe
pr otein sto 1 0m embra n e sat o n ce･ T he Tis su eArray Slide(Supe rBioC hips
Lab= Seo ul, Kor ea)a一lo wed an alysis of 21 di汗e re nt o rgan sat the sam etim e･
Utilization of fr e e-flo ating Vibrato m e se ctions pr o vided high
-thr oughput
im m unohistoche mic ala n alysis a sw ella simprov ed the s e n sitivty ofan alysis･
Usingthe s e m ethods,) have alre ady eva一uated m orethan1 000antibodies a nd
approxim ately50% ofthe s e antibodie sreve aled suffice nttitera nd spe cificty･
Repre s e ntative re s ults ofthe s e e xperim ents a re shownin Fig･ ll
Mo stofthe mKIAAge n e s are predomin a nt(y expr e s s ed in the brain, sola m
n ow fo c u sing on e xperime ntsthat w‖ clarifythefu n ctionalimpo rtanc e ofmKIA A
protein sin this orga n･ Im mun ohisto chemic al ana)ysis of m ous ebrain using
■
fr e e-f一o ating vibr ato me s ectio n sprovide sinfor m atio nimportantin c onc eiving a
fu n ction al hypothesis ofmKIA Aprotein sba sed o ntopographic a一featu resinthe
brain tis sue and s ubc e"uJar(o c aliz atio n ofthe protein. O ne ex ample is a
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mKIA A1 465proteれ a hypothei主c3ipr oモei11 0日とai!
一
1 edI
-
i
.
o 汀1Ka ∠u s ahu man cD N∧
proje ct with ]eucine-rich repe ats and a nim m unog!obul盲I
.
l-一ike do 汀1a妻n a = s N-
termin u s. This novel protein r evealed m ode r ate hom oiogy with IS L R
(im m u n oglobulin s upe ｢fa mi]y c o ntainingle u cine- rich r epeat)(E vaJu e=2e-8 4).
Howeve r
,
althoughthelS L Rgen e wa side ntified in 1 997and fo u ndto be up
-
regu)ated by retJ
'
noic acidtreatm ent under a ctivation ofthe Wint-1/ri- c ate njn
pathw ay, no other fu nctio n a一 e viden c ehas be en reported for this protein
(Naga s awa et al. , 1 9 97; Naga s awa et aI. , 1 999: Tic e et aI. , 2 0 02). T he
teucine- rich repe ats of mKIA A1 465protein sho w slightho m ologywith the S一it
ho m oJog1(als okn ow na s mKIA A O81 3;E valu e=3e -2 0). Asthe SIitand Robo
families are key m o]e cule sfo ra x ona]guidanc e, bra n ching, and neu ra) migr atio n
l
(Bros e a nd Tes sie r-Lavigne, 200; Nguye n- Ba- Charvet and Chedotal, 2 02),
mKIA A14 65m aya一so have animportantro一einthe s en e u ro n a)functions. (t w=
be n ece s s ary to co nfirm the s e points thro ugh ()the r m ethods;
im mun ohistoche mic a] appr oach w= pro vide valide vide nc e sup po rting this
hypothe sis. Figu re. 2 ‖ustrate s o m eof the im m un ohisto che mical an alysis
done so fa r (m mun ofJuore s c enc ethe a nti- mK)A A1456a ntlbody show edthat
the neuronsinthelayerslトIttandthe pyra midal ne u ro nsinlayers V-VI in the
c erebral neocorte x w ere dens e(y stained (Figure. 2 A). At a highe r
m agnific atio n,itw a s cle arlys e enthatradial dendritic pro c e s s e sand s o mata of
pyra midal n e uro n sin both the uppe r and rower laye rs w er e inte n s ely
im m u n ore a clive (Figu re. 2 B, C). ln the hippoc a mpu s, the strong一y-
im m u n ore a ctivity wa sfo u ndin the dentate gyrus, C A 3a nd CAつ(Figu re 1 2 D).
T he oute rgranule c e)I一aye r ofthe de ntate gyrus w asim m unore a ctive withthe
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re activity loc aliz ed m ainly in the de ndrJ
･
tic pro c e s s e･ sm aJ]numbers of
im m u n o re a ctive n o n- p yra midalceIJs we re aJs ofou nd inthehila rregion(Figur e.
2 E)･ Jn the C A3･ the s om ata･ de ndrite s a nd de ndrJ
･
tic spin e s of pyramidal
ne uro n sw ere als oim m u n ore active stro ngly(F.
-
gure･ 2 F)･ lnthe c e rebelru rn,the
Pu r叫 e c e= aye r w a sde n s ely stained a nd the gra =ule c ell laye r w a s als o
m ode rateJy im m u n o re a ctiv e(Figu r e･ 2 G)･ Ata highe r m agninc ation, m ain
trunks ofPurkinje c e" de ndrite sw ere stro ngly po sitiv e along with thei, so m ata
(Figu r e･ 2H)A T hede ndriticpro c e s s e s ofn e uro n s we re als ointe n s elystained in
the ce rebeJla r n ucJeu s(Figu re1 2I)･ Rec e ntstudie s of Slit fa milyha v ecla,iRed
that Slitprotein sfu n ctio nn ot o nJyln aXO n a[guida n c ebuta-s oin regulatio nof
dendr-
1
tic deveJopm e nt (W hitfo rd et all . 2 002). T he. efo, e the s e
im m u n ohisto che mic aI 伽dings sug gest a fu n ctio n al role for mKIA A 1456in
re modelinga nd/o r m ainte n a nce ofdendriticgrowtha nd bran ching,
3.2 Databa se c o n stru ctl
'
o n
r have de sign ed the JnGaP databas e(integr ativ e Gene and e,otein
expr es sion databa se; 地p 叫 ) fo r public
rele a s eofim m unoroglC ale v aluated results of mKIA protein expre s sio n usJng
a ntトmKIA A a ntibodie s together withge n e expressio n pronfe s u slng CD N A
micro array a nd m a m m aJjn e xpre sio n syste msI To date, 2 74 data sets ha v e
bee n rele a s ed; the impact of this databas e wi)I in c re a s e as the pro)ect
PrOgre S Se S･ T he JnGaP databas eis ac c e s siblethro ugh the CR E AT Eportal
(http://w w w .ka zu s a･ o r･jp/c re ate/)(Figure 3 A)･ Click hg o nJnGaP, the JnGaP
ho m epage wM ope n(Figu re3B)･ SimiJarto this oper atl
･
o n, u s ers Ca n e a SiJy
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a cce s sto the lnCeP(intra虫JJuJar eathway ba s ed o n mKIA Aprotein- pr otein
l
'
nte ra ctions)databas e;a n othe rdataba sefo ranintra c ellufa rpathw ayreJated to
the m KIA^ protein(Mu rakami et all , in pre ss). Ea ch ha s a nindividu al web
Page displaylngthe re s uJts ofCD N Amicr o a rray na-ys IS, S ubc erlu(arlo c aJizatio n
of the e ctopICa"y e xpr es s ed ge n e･ a nd se vera- e xpe rim e ntaldata uslng a nti-
mKIA A a ntibody analysis techniqu e s s u ch as Westem bfoning a nd
J
'
m m unohisto chemicala n alysis(Figu re. 4).
T he nrst s e ction fists the pr otein n a m e and c orre spo nding m o u s ea nd
hu m an CD N AcJo n e n a m es a nd ha sdire ctJinks to the R O U G Eand H UG E
databas e e nt
'
e swhJ
-
chare CD N A databa s e sestablishedthro ugh Ka z u s ahu m a n
CD NApro)e ct･ In ote her ethata" n u cle otides/amin oa cids eque n c e s a ndtheir
chara cteristic tabJe s are pubficry av aiJable by the s e direct links
(地 p:〟仰 〟W kaz usa D r O ,
地 叫 )(Kiku n o et al., 2 004). I als op, ese nt
thepredicted m oJec uJar w eightcalc uratedfro mthe am l
･
n o acids equ e nc e a nd the
fu n ctio nal de s cHptio n attributed by Ge n eOntolog y(G O) c atego rie sin th.
･
s
s e ctio n.
lnthe s e c ond s e ctio n
･
[in cludefe atures ofa nti- mKrA Aa ntibodie sin c(uding
a ntige ninfo r m atio n(a min o a cids le ngth, c o rr e sponding loc aliz atio n o nthe
mKIA Aprotein･ e xa ct a mino a cid s equ e n c e. a nd whethe r PreScis sio nTM
PrOte a S e(Am ersha m Bios cie n c e s)cle avage Jea vingthe G S Tmoiety o nthe
colu m n w as pe rfo r med o r n ot)I we ste m b[o"ing a nalys e s, and
jm m u n ohisto che mic aJa n alyslS･ Fo rthe We ste m blo 伽 g an alys es,Iu s ed the
s a mples e xtra ctedfr o m adultm ous eorga n s and the s a mple s e xtra cted fr o mll
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c e" tines de riv ed fr o m s e v e r aiLT'O u S etissuesI T(-〔∋s e 訓1 aiys ヒSP!
-
しV出c u s efuS
info rm atio n aboutthe mKIA Aprotein e xpr essio npatte r n. Ft sho u一d be noted
thatso m emKJA Aprotejns could notbe detected in any kind ofadu一t tissues,
thusI have apJanto ad de xpe rim ents usingthe s a mple sextr acted fro m se v e ral
devetopm entalstage sof m ous eto cla rifytheir o c curre nce atparticula rpointsin
de velopm e nt.
1n the third s e ctio n
,
( provide fe ature s of the mKJA Agen e e xpression
c o n siting of ectopic expression offull le ngth KLA AJmKIA Agene s and gen e
e xpressio nprofi一e s obtained by m KIA ACD N Amicr oar ray analysis(Figu re. 4).
lntheform e r a na(ysis, Nagase etall O nlyre c onstru ctedthose expre s sJ
.
O n r e ady
=
c一on e swhich w er esup po s edto befu=-length be c aus ether eis a possibjlitythat
s o m eloc atization signa一s a nd do main stie behind u nco ver ed pr otein - coding
regio n s. T he clo n e swer ethentransfe cted into 293 c eHs. Afte r46-5 0 h, the
subc eHularlocalizatio n of KIA NmKIA Age n eproducts w as obse r v ed u nder a
ffuoresc enc e micr oscope. T his a n alysis is used to co nfir m o r cor e ct
s ubc ellularloc alizatio n c o mputation ally predicted from the prim ary a min o a cid
s equ e nces J
'
ncJuding tra nsm embran e s egme nts, s oning signals, a nd sign al
■ l ■ ●
peptide s･ Forfu rther biologic ala n a(ysis. Naga s e e[a/･ a ren o wpreparing ceJl
I
line s in which Tet-indu cible full 一ength KIA A/mKIA Age ne c o n str u cts ar e
integrated u singthe Flip
-ln r ec o mbination system(m a n uscriptin preparatio n).
Fo r mK(A ACD N Amic ro arr ay analysis, Im ai et aI･ ge n erated a nyJo n
m e mbra n e arry on which 1 701 cD N As we re spotted in cluding mK)A As a nd
theirpa ratogo u sge n e stofurthe r exte ndtheproject to otherla rge cD N As(1544
mKJA AcD N As, 4 6 m KIA Apara(ogo u scD N As, 9 7 mFLJ cDNAs, 1 4c o ntro(
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cD N As)(Figu r e. 5). lm ai et ai
-
'
. !;.｢ePar eC Pr obe s Lier N ()A;
'
r し｢盲
●
- b t=･･ tv!E汀ah
'
rlU uSe
tissue s and confirm edthepr edomin antexpreミ;Si()n ofrr-K]A Age n e sinthe brain
(Figure. 5 A). Nea r(yhatfofthe mKIA Aa ndtheirparalogo usgenes r a nked inl
st
or 2
nd
pla c e･ Tn order to u nderstand deta
'
[led expr es sio nin the br ain . I
subdivded the brain into fou rdi斤erent parts(ce rebr al cortex, bas al ganglia,
ce rebeIIum , a nd brain stem)andsubs eque nt一y prepar edthe probe sfor ea chpant
lntere stingly, m ore than halfthe gene s w er e predo min antly e xpr es s ed in
c erebel山l¶(Figu re. 5 B). Giventhe a nato mic a一differencesbetwe enhum a nand
m o u s ebr ains
,
this expre s sio npatte r n mightbe chara cteristic s ofthe s e spe cies･
SincethelnGaP databas eis suppo rted by a s oningfu n ction thatrelies on the
expre s sion fe ature s of mKIA Atra n sc ripts, visitors can e a sily find mKIA A
s ubgroups r e v ea(ing simi-ar m R N Ae xpre s sion patte rns a co rding to the
Pea rs o n
'
s c or relation coeffic ent(Figure. 5 C, D). T hetnGaP databa se willbe
a u sefulto ot not onJyfo rcomparing ge n e and protein e xpression pater n sbut
als ofo ride ntifying c andidate sforfun ctionally re)ated gene s/proteins ba s ed o n
the sim‖a｢ityofthe e xpressio n.
A co mputatio n al biologicalapproachsho u一d be appliedtothe s edata so asto
un earth n ovel pathways a nd the orie sin the field of n eu roscie n c e･ As
m e ntio n edprevio usly, the reliability ofthe data s etis ofprim aryimportan c e･ ∫
expe ct that the database w州 provide the funda m ental data setfo r u s ein
"
Co mputatio n a[ n eu ro s cJ
'
e n c e
"
an alysis (Am ari et a/･ , 2 002: Ecke rsley et aI･ ,
2 03;InsetetaI., 2 003). I fu rthe r expect thedataba s eto holdn oto nlyits ow n
data s ets and geno mic/prote o mic r es o u rc e sbut als o other u seM data s ets
ge n eratedthr o ughc onsecutive a n a一ys e s u singthese re s ou rc e s･ UsuトAokia nd
■
4 8
I have already verified s o m epr oTLein ザ ()i()i口重rLte ぎ~a C
'i〔) n s (..!tTtK蔓A Apr()モein s ushlg
im m u n opre cipitatio nfo"ow ed by M S/M Sa naiysis and are c u rr e nt一y e stablishing
the a ntibody micr oa ray system in which Surfa c ePlas m on Re son a nc e(S P R)
technologyis utiliz ed for signa一dete ction(UsuトAokiet aI. , 2 005)･ UpI()400
re aトtim e a ntibody-targetbindings co uld be me asured sim ultan eously within a
sing一e ho ur. To find n o vel ce"ular pathw ays in volv ed in the KIA A/mKIA A
c ascade
,
[ hav eju ststartedto c onfigure a syste m which aim s at
"
co n s州e n ce
"
of
J
the Independentline s of evide nce. T he m ost re a=stic w ay to c o mp一ete my
knowledgeistoform a n etw ork with kn own re一iable databases s u ch as G E N S AT
B A C Tra nsge nic Project (Go ng et a/. . 2 0 03) a nd AI(en Brain Atla s
(http://w w w.brain atla s. org/). To expand kr10WIedge funher,itis also n ece s sa ry
to e valu ate and incorpo r atethedataderJ
I
ved from differ e ntso u rc e sin mysystem .
T he r ec ent advanc e me nt ofs oftware progr a m statistic ally capable of mining
l
s ever al type sof data sets and r efe ring valid info rm ation sho uldenable u sto
establish the system a nd to m arry K]A A/mKIA A inform atio nto the evide n ce
produced from m anyfields ofneu ros cie n ce(Bader etaI･, 2 003
1
,
He r mjakob eta/I .
2 0 04;Hu etal. . 2 0 04;Ka nehisa etaI. , 2 004;Yam anishieta/. , 2 002).
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Lege ndsfo rFigur es
Figu r e1 1･ Repres e ntativ e res山t ofthe m ultt
'
ple e v aluatio nfo r a ntトm KIA A
Ser um .
T he titer a ndthe specificity ofanti- mKIA As erum w e r e e valuated by E u S A
(A). Western blot(B, C), and )m m u nohistochmistry(D, E). (A)Titratio n cu rve s
fo rantトmKIA AO531 s e rum at serial d‖utionsfr o m1:1 000to 1:1 024 000. Five
LJg Of the antigen wa sim m obilized on Nun c-)m m uno
TM Modules(Nalge Nu nc
Internatio n a一
,
Ro chester
,
N Y
,
U S A); peroxidas e co njugated anti- rab bit
im mu nog]obu]in(Am ersham Bio s cie n c e s)w as usedatadilution of1.
･
2 0 00. (B)
●
Weste rn blotting usingthe s a mple s e xtra cted from c eltlin e sderiv ed fro m s everal
m ous etis s ue s. Lys ate sp｢epa｢ed from llc u仙red ce‖‖nes(the na m e ofeach
c ell lin e appears on the top ofthe pa n el)w ere dete cted by ants- mKIA A O531
s e ru m(1: 500, ro werpa nel)a ndthe sa m e dilutio n ofpreim mu n eser um (upper
pa ne一) using the m ethod previo u sly de scribed (Maga e et al. , 1 9 97). (C)
We ste r nblotting u sing the s a mp(es extracted fr o m adult m o u s e o rga n s.
Tw enty LJg Of e a ch s a mp一e was re s olved by 5
-1 5 %gradie nt S D S
IP A G E
,
tra n sfe red to P-FrL M, and o n eof the m e mbrane sprobed withthe diluted a ntト
m KIA A O531s eru m . (D)Im mun ohisto che mic a] an alysis u sing free-f(o ating
V)
'
brato m e sectio n s. A du(tmic e(tC Rstrain,1 0-1 2weeks)were perfu sio n-fixed
tra n s c ardially witha s o一ution of 4% paraform aJdehyde a nd 0.5 %picric a cid in
P B Su nde rde ep Ne mbutala n e sthesia. Coro n als ectio n s(70ドm thick)ofthe
brain w ereprepared on a VJ
.
brato m e. T he s e ctions wereim m ers ed with dluted
a nti-1¶KtA AO531se ru m(1: 2000)in a 15 ml c o nicaltube a nd the g山c o s e
o xidase J
.
nten Sific ation m ethod ofthe diam (
'
n obe nzidin e c o一 r re action w a s used
55
fo rthe detection(Yuas a etai. , 19 96). Notethatstr o ng signa一s a r e obs t:[ v(3d in
the cytopla sm of Pu rkinje ce"s. (E)lm m u n ohisto che micalanalysis usingtis su e
a rray slide . Tw enty- o ne d肺erent m o u s e o rga ns w e r estain ed withthe diluted
anti- m KIAA O531 seru m byu singthe m ethodprevio u s)yde sc ribed(O kazakietaI.,
2 002). Cytoplas micstaining w as onlydete cted inthe braintissue.
Figur e. 2.lm mun ohisto che mica11oca他 ation ofm KIA A1 465protein .
Lowe rm agnificatio nvie ws ofthe c e rebralneo c o rtex(A), hippo c a mpu s(D)
a nd c erebellum (G) of adult m ouse brain show a n over view of mK]A A 1 465
protein一o c aliz ation. Higher m agnific ation vie ws of laye rs ト=(B)and layer V
(C)ofthe ne o c ortex,dentategyr us(E)and C A 3(F)ofthehippoca mpu s, andthe
c ortex (H)a nd ce rebellar n uc(eu s(I) ofthe c erebellu m pres ent the precis e
lo calization of the pr otein. A bbreviation s, D G, de ntate gyr us; GL granula r
layer;h, hi]u s; M L, m olecularlaye r; Pj, Purkinje c el=aye r; W M, white m atter.
ScaJe bar s, 2 00L]min A, D, G;50L) min B, C, E, F, H,I.
Figure. 3. Top page oflnGaP database.
(A)C R E AT Eponalpage(http://w ww .kaz u sa. o r.jp/create/). Clicking o nlnGaP,
us er s c an ac c es sthetop page ofthelnGaP databa s e. (B)T hetop page ofthe
lnGaP databa se. ToIo c ate e a ch webpage, a u s erc an simp)ys earch usingthe
■
mK(A Anu mbe r
,
the a c c es sio n nu mber
, orthe clo ne n a m e. Sever al sea rch
c ｢ite ｢iainthetop page ofthelnGaPdataba s epr ovide s e asy a c ce s stothe w eb
pagefo c u sing o n aparticulargene/pr otein e xpre s sio npate rn.
=
Figure. 4. Ex a mple ofa w eb pagefo r a nindividua) m o u s eK]A A.
Info r m ation is subdiv ded into 3 c ategorie s: Gen e/Protein Info r m ation,
Fe atur e s of the a ntibody, a nd Fe atures of the m KIA Agene e xpre ssion.
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Under=ned wordsindicate a ct･;veSinks liO m o r ede泊盲fedimf() 汀T3 at10盲
･･.L T he vis妻to r
ca n als oin spect thehighe rm agnified vie w sby clickingthe c o rr espo ndingbutto n
be sidethetow m agnified vie w s.
Figur e. 5. Gene e xpre ssion pr ofile using CD N Amic ro ar ray.
An mKIA ACD N Amicr oarray wa shybridized withprobe sderiv ed from s eve r a)
m o u s e o rgan sand d 肺e re ntbrain are a s. (A)Norm aliz ed sign als w e re r anked
bas ed o ntheirintensitie s
,
thenthe nu mbers of highest(1
sl
)and se c o nd highe st
(2
nd
)ra nkedgene sin ea ch organ w e re c a)cu)ated. (B)Similar)ythe n umbers of
ge n es w ere calculated ba s edo ntheirr a nk in e a ch br ain area . (C)Fo cusge n es
a re s elected ba sed o nthe gene e xpre ssion patter n. T he Tis s u eSe a rchto ot
e n ab一e sthe ranking ofmKtA Agene sbased o ntheirsignalinten sitiesin sele cted
コ
organ or brain ar ea ･ T he Similarjty Se archto ol enab一e stheidentificatio n of
mKIA Age n e swithsimila rge n ee xpre s sio npatte r ns. (D)Se a rch resu一t using
Sim‖arity Sea rchtool. mKtA Agene spr es enting similar e xpr es sio npatternsto
m K)A A O531 are 一isted a nd their expressio n profi一e s are visualized by colo r
gradatio n. T he strength ofthe line ar relationship betwe en diffe r e nt mKtA A
ge n e sis a utom atic a17y c a一culated using Pe ars o n
l
s corre)atio nco eficie nt. T his
w ebpage dire ctlyIinksto e a ch mKIA Aw ebpage.
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Figu r e3. De cisio ntr e ebuiltfo r s olubiJity pro
p
dictio n. The re s ulting qu antifed data w ere an
-
lyz ed o n a micr o c o mpute r(W indo w sP C)using
Visua一 M ining Studio (Mat he m atic al System sl
m odified fo rthis proje ct. a nd ade cisiontre e w ∂s
the n c o n str u cted. AIIpar a m et r s w e re c alculted
fro m a min o a cid s equ e n c es ofthefu sio npro-
tein s witho utG ST-tag. Pictu redis ade cisio ntree
built to pr edict t hete nde n cyfo rpr otein s ohJbili
･
z atio n ba s ed o n a min o a cid fe ature s(v a riable
(V):hydr ophilicty, Mp a nd pl). The nodes ofthe
tre e ar e r ep s e nted by r e cta ngle s･ T he white
re cta ng一e r epr e s e nts t he s oluble for m a ndthe
gray r e cta ng一e thein s ofub le fo r m･ The splitting
r a ngefo r e a ch n ode appe ar s o ntop of thethree
s ubs equ ent n ode s. The de cision tre eaJgorith〔1
c ∂lc ulate s al)po ssib le splitting ra nge sfor eaし
L
v ariable, s eJe cting e a ch variable a nd its r a ngetO
optimiz e t he ho m oge n eity of the thr e e sub･
s equ e nt n ode s･ Th is de cisio ntr e e afgo rithm is
fr e ely a v ailable on o ur website (htlp://w w w.ka.
z u s a. o r.jp/in9aP/r e al/dtr e e.h tml).
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Short Co m m u nic ation
A c o mprehe n sive ap pro a ch fo r e stablishm entofthe
p一atform to a n aly王efunctio n s of KIA Apr otein s:
Gene ratio n a nd evalu ation ofa ntトm K]A Aa ntibodie s
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l
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1Ka z u s aD N A Re sea rch In stitute, C hibat Japa n
2c hibalndu stry Adv a n c e m e ntCe nter. C hiba. Japan
3RIK E N Yokoha m a[n stitute. Yokoha m aCity, Kanaga wa,Japa n
4
Natio n alIns tiute of Ne u ros cie n c e.Tokyo.Japan
5lns titute ofRe se archa nd In n o va tio n, C hiba.Japa n
Sin c eDec ember2 001 w eha v ebee nc ondu cting a project t oisolatea nd dete rmine entire
sequ e n c es of m ou s eKIA ACD N Aclo n e s whiche n codepoJypeptidesc o rre spo ndingtohu m an
KIA Aproteins. T he ultim ate go a一ofthispr oje ctis the elu cidation ofthefu nc tio ns of KIA Apro -
tein s. A c ritic al step in this projectis the ge neration of a ntibodies ba s ed o n the CD N A
s equ enc einfo r m atio n. Altho ugh a ntibodies arethe m o stoptim a一to olsfo rbiologic ala n arysis･
the production and is o一atio n of m ult
'
lPl ereco mbin a ntproteinsfor an antige nis a rate
-1
'
l miting
step in an tibody production ･ To addr ess this problem . w e estab一ished a syst em utilizing
thein vitro r e c o mbinatio n- a ssisted m ethod a nd shotgu n clo n e sthat w e re gen era ted du ring
the s equ e n cing of m o u se KIAA cD N As(D N A Res1 2 00 3.1 0. 1 29-1 3 6)･ T he authe nticity of
the expre sedprotein s w a s c onfirm ed by m atrix
- as sisted Las erde sorptio n/io niz ati on
-tim e
off一ight m a s spectrom e叫 . Anothe rcritic alstepfor a ntibody pr odu ctio nisthe ev alu atio n of
the a ntibodies . Thu s. w e also made effortsto develop a syste m atic ap pro a ch fo r e v alu atio n
ofthetite r a ndthe spe cific tyofthe a ntibodies . Usingthes esyste m s. w ehav epr odu c ed a nd
e v aJu at ed m o rethan 50 0a ntibodie s r ais ed against mo u s eKI A Aprotein sto date･ We ar e
curr e ntfyge n e ratlngantibodyarraysfo ran aiyslSOfprotein e xpressJO nPrOfl e s･ We w tlJv e nfy
pr ot ein
- protein int era ctions u sing im munoprecipitatio n a nd ta nde m m a s s spe ctro m etry
an a(ysis.
Keyw o rds:Antibody/ High-thro ughput / Ma ss spe ctro m e叫 /m KIA A / Mo u se
Most m e mbe rsof big pro tein c o mple x e s a relarge m utti
-
do m ain proteins;suchprotein sha v e s e vr a一protein
-
pro
-
tein interaction m odu一es . The ce"utarfu n ctions of large
m uJtidom ain proteins a re frequent(yfo u nd to be tightly
ljnked to the phe notypic chara cte ristic s of multice=u(ar
o rga nism s[l. 2). T hesefindings sug gest thatthefu n ction
Co rre spo nde n c e:Dr. His a shi Koga, Ka z us aDNA Rese arch
ln stjtute . 2-6-7 Ka z u sa-Kam atari. Kis arazu. C hiba 2 9 2-0 8 1 8.
Japa n
∈- m ail:h koga@kaz usa. o｢･jp
Fa x: +8 1-438-5 213 9 1 8
A b bre viatio n :KI A A
,
Kl is Kaz u s aD N A Res e ar ch [nstitu e a nd
A Aare refer en ce cha ra cters
@ 2 00 4 W ILE YIV C H Ve rlagG mb H a Co. K GaA, Weinheim
Re ceiv ed 3/10/03
Re vis ed 8/11/03
Acc epted 1/1 2/03
of m a nyLa rgepr otein sis po s sib一yrelatedto higher o rde r
c ellfunction and/o rto=nes s, and infa ct. som eofthelar
-
ger proteins ha v e already be e nide ntified as being
e xpre s s ed bydis ea s e- associatedge n e s. Be cau se Ofthe
biologic alrole p一ayed bylarge pr oteins, w e have been
conduc ting a hu m a nCD N Asequen cing proje ct sin ce
19 9 4to a c c u m ulate infor ma tion abo ut the lo ng cDN As
that e nc ode these large protein s. W e hav e already
r epo rt edthe CD N As equen c e s of m o retha n20 0 0ge nes
to dat e. Thes ege nes ha v esin c ebeen system atic aHy
designa ted u sing the ab bre viation KIA Aplu s afo u r
-digit
number(http://w w w.kazu sa.or.jp/hugen (3. 4】, How e v e r.
the fun ction sof m ostof the K[A Apro teins ha v e notyet
been eJu cidated . ln orde rt oachie ve a bette rfu n ctio n aJ
w w.prote omic s
-jo ur n al.de
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chara cteriz atio n of KIA Age n es, w eha v e c o‖e cted a nd
cha ra cteriz ed cD NAs that en c ode m o use c o u nt erparts
of hu m a nKIA Aproteins (m K)A). W o rk has been do n e
withthe mou s e c o unterpartgen e s sin c eDece mbe r2 001
in orderto o v e rc o me thetegal and ethica一re striction s o n
the u s ehu m a n ma terials. Using spe cific m olec ure sto
capture mK]A Apr oteins make sit possib一e to analyz e
the physiologic a)fu n ctio n s ofthesepr oteins;forthis pu r
-
po s e we are therefo r eals oco ndu cting a s tudytoge n er
-
ate a nti- m KIA Aa ntibodie s. Atpre sent, w e ha v ea一ready
c一on ed 1 45 9m KIA AcD N As (http://w w w.kaヱU S a. O r.jp/
r o uge/)【5-7]a nd gen e rated 5 8 8a ntibodies ･
Weha v epr e vio u slyde s cribedthe system forhigh
-thro ugh
-
put pr odu ctio n ofreco mbinant a ntigen sfo r mou se K)A A
pr ot ein sin Eschen
l
chia coliu s
-
Ingthein vitro recombin a
-
tio n- a s si ted m ethod【B]. W ith this system . w e ha ve
alre ady produ c ed and purified m o re than 6 00antige ns
for produ ctio n of m KtA Aa ntibodies to date ･ T his high
-
B l
mKIA AO O49 mKIA AO 371
2
Generation and ev afuatio n ofa nti- m KIA Aa ntibodie s 1 41 3
thro ughput ap pro a ch presents the risk of mis
-
sele ctio n
of the c一o n es a nd ofclo n e-to - c(o n e c o nta mination . Su ch
proble m s m ain(y o c c u rr ed during m anua一 procedure s;
ther efo r e w etriedtointrodu c e rob tic sto e v ery possibFe
step. Ho w e ver, s om e ofthe e xpre s s edprotein s r e v e al d
con side rably d 折e re nt m ole c ular w eight(M,) c o mpared
withthe c arc ulated o n es. To s olv ethispr ob一e m. w eev al-
uated the express ed proteins by peptide m a s finger
-
printing (PMF) using M A L D トTOF m a s spectro m et r
(AXI M A- C F R: Shim adz u. Kyoto . Japa n). Fo r e x a mple,
the c alc ulated M.of mKIA A O O49protein(ehJted fr o mglu -
ta thion e s ephar o se- c olu m n by PreScission (Amer sha m
Bios cie n c e s. Pis ca taway, NJ)protea se -cteav age) was
2 2 k Da,but the e x ac tM,ba s ed o n etec trophoretic mobit
-
ity w a s4 8 k Da(Fig. 1 A.t∈爪 pa n el). PMF cle arlyde m on
-
stra ted the pu rified pr otein co ntain ed a C
-ter min a一pep-
tide s equ e n c e witha maxim u m m a s serr o r of O･0 8 Da ･ tn
a n othe r e x a mple,thefaste r m obilityba nd ofm KIA A O3 71
protein observ ed fro mthe S D S
- P A G Eget(Fig1 1A, right
K QA H PLKFALPE EGP RGDERE EIVHIVEE
E W E EEEE V Q DEE VQ S Q SSAS SEDY川LP
E CF DTS RPLG DS MY SSALS QP GLE R6 A E
GE P GIES GL EPTE^ RE RL PERESQPQEQ S
fSDILTT SQ PLDT VPしVPE VA GしPAAしS RS A
PC G Q CE SS GV DSP G V DSP AT M H EVP PAP
D D]R GEPRG STG LA NS RQ SCDH SS PSF
LKIR P QP
KA GS P GFD TLQr(Y PTP NG H CA N W 亡A G R
SK DSしS HOしSATSC SS A目しYS R NLHH KW し
NS HS G RPS TTSSP D QSRSHL D D GMPV
YT OT]Q Q RしR Q 旺SG H Q Q EVETL KK Q VO E
2 LKS RLES Q YLTSSL RFN G DF GD EV VS
K AG SPGFDTLQ K YPTP N GHC A NWEA G R
SKD SLS Hく〕L SATSC SSA HLYS R NLH HKW L
NS HSG R PST TSS PD QP SR S目しDD D G M PV
YTOTIQ Q RLR QIESGH Q EVETしK KQVQ E
LK SRLE SQ YLT SSLRF NG DF G DE VVS
No. o n rnKIA A辿L 血 辿鮎 S eque n C O Maxirnu n
SDS- P AG E No . s e arch9d m at.Shed cov8ra e m a s s er ror
l O O49 1 2 8 31% 0.08Da
2 0371 35 9 67% 0.09 Da
_ 帆 . A . 山 " . _ _ ～ _Jl.JIJ. ー . ､ . _ . ～.･. 埋 仙 叫 . ー エ " _ _ . . _ " _ . - . - _
t2エL-I - - ･-L-･･ L -11♀¥草･?- -･･- ･･-- t10 n W e r e C O n C Crltr ated w Jth
l1 58% 0.08Da⊥ 仙 皿 一 仙 ⊥担_ ⊥ 遡三｣ - _ 叫 ー . ｣ 捜 染｣ _ zlPTipし 川 (M･lhr)or e､ F31=e rrca .
M A. U S A)fo rM A L Dl一丁O Fa n a一y-
sis. Thepeptide s were efuted with l
-2LILofm atrixsolution(s atur atedcL- Cya nO-4-hydr o xycin namic a cid(Aldrich, M ilw au-
ke e,〉Ⅵ, U S A)in5 0 %acet onitriJe. 0.10/o TF A,100 fm ol/pL A C T H 1 81 39chip(Sigm a)I (nter narm as sc alibratio n ofpeptide
nla S Sm aps W a sPerfo r med u slng POrCln etryr)1･c a uto catal
'
ytic produ cts (m/I 84 215 0 98)and A C T H(l n/I 24 6612 02 2)･
T he re s urtlng M S data setw as arl al
r
yZed u slngth eM A S C O Ts e a rch e nglne(MatrlXScJ
-
e n c e. L() ndo n･ U K)･(B)ArTlrn O ∂Cld
sequ e n ce sof c o re sponding mK]A Aprot ein s w e rsho w n･ Bold indicat es a min o a cidsidentified by P M F･ Under score
indic ates a min o acidsidentifiedintw obut n otin three ofthe S D S-P A G Esa mple s.(C)Wejudged proper expres sion to
ha veo c c urred whe n m o retha nfou rfragm e nt softhe c o rre sponding m KIA Ano. w er eidentified･ T hetable sho ws the results
of M A S C O Ts e ar ch a nd n o. on S D S- P A G Ecorre sponds to the nu mbe rsindicated by arrow s. Afte rc onfir m atio n oftheir
pr ope r e xpr e s sion . 0.2 5mg ofe a ch antige n mixed with Freund
l
s c omp(ete adju vant w as s ubc ut ane ou slyl
L
nje cted into
rab bits on abjw e ek[yinje ction s chedule . Therab bitswere sacrific ed, a ndse r a werec ollected 7 dafterthelastboost･lgG
again st m KJA Aantige n w aspu rified u sing HiTrapProtein Asepharo s e colu mn(Amer sham Bioscie n ces)･
@ 2 00 4 W (L E YI V C H Ver[ag G mb H & Co. K GaA. Weinheim
Figu re1. Confir m ation of ex
-
pres sed pr otein s by P M F･ (A)
Purified m KIA Aprotein s w e re
re s ofved byS D S
-P A G E. The get
was the n stain ed with C B B.
M de c uJa r m a s s m arke rs (l
'
n
kDa) are indicated o n the left
of the e ach panel. The n u m
-
bered a rro w sindica te the po si-
tion s of the bands that w e re
e xc is ed fo rdige stion bytry psin
(Sigm a. St. Lo uisI M O. U S A)in
a m m o niu m bic a rbo n ate . Pep-
tides produ c ed byin
-
gel diges
-
w w.proteo mic s-jour na一.de
141 4 H･ Koga e(aI.
pa n el)w a side ntified a s aprote olytic pr odu ctofthe pro-
tein . P M Fu sing M S is apo w erfu一to ol.therefore notonlyin
confir matio n ofthe expressedpr otein sbut aJs oin c o m-
prehen siv e e valuation oftheirintegrity.
We analyz ed 5 35fu sio n a nd PreScissjon pro te as e-cleav-
age proteins and dete r min ed that 85 %ofthe protein s
w er eproperly e xpres sed . Am o ng these 5 35pro tein st
2 78w e re s o7uble a nd 25 7w e reins o)ubre protein s. 78 %
of s oluble pro tein s a nd 9 3 %of in s olub)e protein s were
ide ntified. T heto w e r r ate ofso7uble proteinide ntific atio n
c a nbe attributed main一yto pr oteJlndegr adation. Our cri-
teria a re r elativ elystrict;pr e s u m ablytheidentific atio n rat e
would be higherifw ejudged those pr oteins that show
to w e r s equ e n c e c o v erag by MS analysis as po sitiv ely
identified. Ate r n atively. the identific ation rate w o uld be
impro ved by the introduc tion of M S/ M Sa n alysis. Fo r
this pu rpose . w e a re no w prepa ringto a nalyz e u sing an
a uto m ated n a n o刑ow L C- M S/ M Ssyste m(M A GIC 2 00 2,
M ichrom BioResources ,Aubu r n, C A, U S A
･
, H TS-P A L, C T C
Analytics. Zwingen. Swjtz erJa nd: L C Q, Ther m oFin nigan,
Sa nJos e, CA, U S A). This wiJIpro vide a na uto mat ed sys -
te m a s w eHas m o re a c c urate J
'
de ntificatio n.
T he mo st criticaln e xtstage ofou rproject isthe e valu a-
tion of the a ntibodies･ Afte rpu rific ation ofthe a ntige ns.
polyclo naJ a ntibodies again st the mKIA Aprotejns w ere
gen era ted jn r ab bitsby s ubcuta neo usJ
'
nje ctio n ofeach
a ntigen mix ed vvl
'
th Freu nd
'
s c o mplete adju v ant. The
resulting r ab bit a ntjse ra w e resubje cted to thefo‖o wing
five e xpe rim entsto eva(u ate theirtite rsand spe cific tjes:
(l)E u S A;(2) Wester nblotting u sing the sa mples e x-
tr a cted fr o m adu(I m o u s e o rgan s:(3) We ste r nblotting
u sing the sa mples e xtra c ted fr om cel川ne sde rived from
severalm o use tis s u es:(4)im m u nohistoche mic ala nalysis
of21 di冊ere nt m o use o rgan su singtiss ue arrays=de;a nd
(5)im m unohistochemicala n alysis of m ou s ebr ain u sing
fre e-flo ating Vibr ato m e s e ctio ns･ Fo r high
-thro ughput
a na一ysis, w e u s ed pro teinfu nc tionidentific atio n一ayered
m embra n es(PI FIL M
.
, Ge n eSyste m s, Ro ckvi"e. M D. U S A)
for o u rWe ster nb一ot a n a一ysis. T he s e m e mbra n es m ake
it po s sib一e to tr a nsfe rthe pro tein s to 10 m e mbr a n es
at o nce . T he tiss u e a rr ay slide(SuperBioC hips. Se oul.
Korea)allo ws ana(ysis of 21 di斤erento rga n s at the s a m e
tim e. Jm m u nohistoche mic aJ a nalysis using free
-flo ating
Vibratom e sections pro vide s high
-thro ughput analysis
a s w ellas impr o v ed s e nsitivity. Usingthes em ethods. w e
ha v e al｢eady e v a山at ed m o re tha n500 antib()dies a nd
ap proxim ateJy8 0 %ofthe a ntibodiesreve aled s u絹cie nt
titer a nd spe cific ty. Represe ntative re s u(ts ofthese e x-
perim e nts aresho w nin Fig1 2･ We are c u rre ntJy prepa ring
adatabas e ofthesedata;theresults ofthese expe rim e nts
using each m KJA Aantibody wiIJbe a v aiJab(ein the n ear
futu rethrough ou r web site(in prepa ra tio n).
㊨ 2 00 4 W JL E Y-V C H Ve rlag Gmb H a Co ･ K GaA, Weinhejm
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Mos tofthe mKJA Age n es a repr edo min a ntlye xpress edin
the br ain(data n ot sho w n), so w e a re n o wfoc using on
e xperim e ntsthat w州 cla rifythefu n ctio na一im portanc e of
m KIA Aprotein sin this o rga n. To this e nd.further e xpe ri-
m e ntsusingM S, c o nfo c allaser sc an ning microscopya nd
tra nsmissio n e一ectr o n microsc op yw e rede sign ed fo rthe
a ntibodies that showed high lite r a nd spe cificity in the
abovefive e xperiments ･ Fo r e x a mple.to obtain e ndoge
-
nous mK[AAproteins. w e s ubje cted br ainlys atetoim m u-
n opre cipitatio n witha ntibodie sto the mKIA Aprotein. The
im munoprecipitate s w e re s epar ated by 21D E. in-gel
dige sted withtrypsin, a nd s ubsequ e nt(yanafyz ed byL C
I
M S/M S(L C Q,T he r m oFin niga n). Figure3sho vvs endoge -
n o u s mK)A A 05 31pro tein obtain ed byim munoprecipi-
tatio n using a nti
- mKIA A O 531a ntibody. A c o n side rable
n u mbe r of m K)A Aproteinsa r e m ultido m ain/m otifpr oteins
and m ayc on sist of Iarge pro tein c o mp一ex es. Forthis rea-
son.it isdesirablet ocha r a ct eriz ethe一a rge protein c o m-
ple xe sin cluding the m KIA Aproteins u sing a nti- mKIA A
antibodie s･ We arethe refo r e now adju stingthe c o ndit
-
(o n s
of im m u n opr ecipitationin a n atte mpt toide ntify al一c o m
-
po nents included in the m KIA Apro tein c o mple x e s. A
comprehe n siv e ap proach to a na一ysis Qfprotein e xpre s-
sion le v els afso provides a profo und u nderstanding of
the biorogic alphe n o m e na a nd the comp(ic ated c ellu一ar
pro c e s s e sin volv ed, W iththisin mind. a nantibody a rray
pro mis e stobe a powe rfultoolfo rthiskind ofstudy. Using
o u rantibody colle ctio n a nd s urfa c eplasm o n re s o n a n c e
te chnolog y. w e a regene rating a n o v elprot ocoJ fo rthe
antibody array. Atpre s e nt. the s e nsitvity ofo u rpro to c o一
is notsuWicie nt toa n aJyz ero w a m o u nts of e ndoge n o u s
prot eins(< 1 0 0ng/m L in aliquidpha s e); w e a nticipate
o vercoming this hu rdle thr o ugh fu rther dev elopm e nt of
the techn olog y. We vv州 conside r sharingthe sedata also
with theresearchcom m u nitythro ugh o urdataba s e.
Spe cific mo[e cure sthatc apturepr otein s. s u cha s a ntibo -
die s, have be c o m e stro ng to olsin proteomic re sea rch.
Produ ctio n of)ibra rie s of a ntibodies pr o mis e sto re nde r
this ty pe of ap proa ch s u c c essful. altho ugh o nly a few
n o n-pr ofitin stitutes ha v ethusfa r atte mpted to ge n er ate
a ntibodie s o na large sc ale . T he Nat
'
ro n al Institute s of
He alth istryingtoproduce m o use mon o clonata ntibodie s
using che mically synthesized peptides(Keystone Sym -
posia Proteomics: Te chnologie s a nd Ap p一ic atio ns:Key-
ston eReso rt, Mar ch 2 5-3 0,2 00 3). The De utsche Ges ell-
s cha代f山rPr ote o mfo rs chu ng has als ola u n cheda project
to produ c e3 00 0m onocto n ata ntibodie s. a ndapilotstudy
wilfstartin e a r(y 20 04(Proteomic For u m 203: Te ch-
nis che Univ e rsitat M 臼n che n, September1 4- 17, 2 00 3).
TTl e K T H Ge nom e Ce nter is trying to produ ce rab bit
polyc[on aJantibodies again st1 400 0 hu man proteins【9】,
a nd aJready60antl
'
bodie shave been ge n e ra ted 叩I e5th
lnter na tio nal Workshopon A dva nced Ge n o mic s:Pa cifjco
w w w.pr ot e omics
-jo ur n al.de
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Figu re 2. The 一iter a nd the
spe cificty ofantトm KtA As e ru m
were e vafu ated by E u S A(A),
Weste rnblot(B. C), a nd im m u-
n ohisto chmistry(D, E). (A)Titra-
tio n c ur v e sfor a nti- m KIAA O 531
se rum at serial di-utio ns fro m
1.'1000to1:10 24 0 00. Fiv eいg Of
the a ntige n w asim m obilized o n
Nu nc-lm m u no
-■u Module s(Nalge
Nu n cRoche ste r. NY U S A):pe r1
o xidas e c o njugated a nti-rab bit
im m u n oglobulin(Am e rsha m Bio-
scienc e s) w a s us ed at a d仙 -
tio nof l:20 00.(B)W ester nblot-
ting u sing the s a mples e x
-
tr a cted fro m c ell lin e sderiv ed
fr o m s e v e ra一 n1 0 U S etis s u e s.
Lysate sp｢epa｢ ed 什o m l l cuト
tu red ceJl Fin e s(the n a m e of
e ach ce‖一ine ap pe a rs o n the
t op ofthe pa n e一) w e re dete ct-
ed by a nti
- m KtA A O5 31ser u m
(1:50 0. Jow erpa n el) and the
s am e dilution of pro-im mun e
seru m (up per pa n el) u sing the
m ethod pre vio u slyde s cribed[10】. (C)Weste rn blotting u sing the samples extractedfro m adult m ous eorgansI Tw enty
Llg Of e a ch s a mp一e wa sres olv ed by 5-1 5 %gradie nt S D S-P A G E, tra nsferred to PIFILM. and one ofthe membrane s
probed with the diluted a nti- m KIA O5 31seru m , (D)rm munohisto che mic al a n alysis usingfre e-flo ating Vibratom e sec-
t10 n
.
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a nd 0.5 %pic ric a cid in P B Su nderdeep Nembutata ne s thesia. Co ro n als ectio ns(7 0Llm thick)ofthe br ain werepr epared
o n aVibrat om e. The se c tion s wereim m er s ed with di一uted a nti- mKIA A O 531 seru m(1:2 00 0)in a 15 m L conical tube and
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aTT!一n Ob.?nz,l.9!｢e c olor㌣ea.cti?n w a sソs ed.fordetecl'pnrll). Note .th,at
str o ngsigna一s a reobse rved inthe cytopla s mof Pu rkinjec ells.(D)lm m u n ohistochemjcala n alysis usingtissu e a rray slide .
Twenty1 0n ediffe re nt m o u se o rga ns w er e stain ed with the diluted anti
- m KIA AO 53 1seru musing the m ethod prevjo usJy
de s c ribed[1 2】. CytopJasmic s taining was onlydete ctedinthe braintissue.
Yokoha ma,Ju ne2 6-2 7, 20 03). Thes eap pro ache s sho w
pote ntial fo rthe de ve一opm e nt of a new platfo r min the
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1
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㊨ 2 00 4 VVtLE Y-V C H Ve rlag Gmb H a Co. K GaA. W einheim
We wou/d IJ
'
ke t otha nk To m o m J
'
TajJ
'
no, Nobutake Su z uki.
Kaz uhiro Sato. YTukiko Ka ma ta ni. Kats u ra Arai a nd Eri
Ya m a m ot fo rtheI
'
r techn I
'
c ala s si tan c e. We als o wish
to tha nk Drs. Naga s e(Ku us aD N A Resea r ch lns tiM e)for
w w w.prote o mics-jou r n al.de
1 4 16 H. Koga e(al.
A
k Da
22 0
6ー 0
仰
耶
o
r
-
S
o
L
･0
舶
3
p1 1 0
Prote o m I
'
c s2 0 04, , 1 412-1416
B
I LL)臣土▲V･t1三E FI Ru 又こF.Li
'
rS P T r3 i { P LL i. 打 r.^ Ll･P ▲rl二5Z n†Fr F)I LF U I
S l r 止 7 L 昭･ET ZP KT r S( E T V V IL
IJ3t} } 1
1
V ア 王JLP V LF■I滞1｢ で r Ct Ⅶ ▲亡AF O
LD 1 1Ⅵ uIV.L IG Ⅷ G T lr LY GO T5 S G 官丁甘TtLt G f: L也ⅠlI･うL R 6 1 1 Pfl ▲E D lr L,ti
I l l [ Y3 Ki･E}lL U 71.1 g＼〆ち†r rJ Y L DF:こ7i Dt.L n l e m L LA V 9 昏 I)額 V P Y＼r}Tjk
-
王0 1 t 臼 ∫ V
L
5 3P Et lr7! P V l 比 G 且▲ rJ 珊 JU r 血 相 S S■ヨu 5 I r し三ガこJCQ E) れ｢王
2 3I T 肌 9 弧 Y L＼
'
r, L ^ 屯 王LV き L さ▲LG IJV Z さI L
y ) ▲Jn r X王!望巳:.. 望 fTjl I LQ は~Lふ 識£ ■T T L V I ( q 柑 V r k 亡L mB
B 1 空襲▲K Tl 将 T V 5u J L (L･ T▲ r ‡E8:X E rヱIこエ ーL好 ほ ▲u(さV し'J:H ⊥L 唯 LJi
'
>
L 旦P⊂rLJtr7
1
J I a.ql T刑 D6 1 S ▲rkZE YZlt王
1 5I I T 札 Y7t】』望｣ 空旺』】祖述.ユと王しX C e 札 的 p E L L iJ? T P哩Z u
知1
_
T nO1 研 一▲▲ KZ
7E u n･rLQI L EtL ▲V 対 Yl栂 K30r＼'上D n l 些 巴空空士
ER ATr王 LN1-L,L KDLl3 r l Gi31 JG T7EiN
●8 1 田 1 LD Ⅵ さフV t EE 工T T W L Y I きI: El古 EV 7ヨ LV 甘 凹 X(JL E 5 ▲0 正L･5 好巧【B l
■コI AE R Et. 1▲⊂Q u. t 3¢lt ▲F.I R St.TD
Figu re3. Identificatjo nofendogenou smKIA A O 531protein u singanti- m KJA A O5 31a ntibodyfrom the
m o use br ainlys at e.(A)A dult m ous ebrain(lC Rstrain, 8 w eeks)wa sho m ogeniz ed with Ce[Lytic M
(Sigm a)c o ntaining0.5 %ofproteas einhibito rcocktaiJ(Sigm a). Sixty mg ofthe brainJys ate w a ss ub-
jectedtoim mun oprecipitation witha ntibodyto m KIA A O5 31,ther e s ulting pr e cipitates w erere c o vered
in 4 0LL of bu什er, c o nsisting of l % S D Sand 1 00m MTris
- H Ct(pH 7.0), a nd boiled fo r1 0min. The
s upe rn at ntw a sdiluted in4 0LILof 2
- D Es a mplebu斤er(6M U re a.1 M thiourea ,4 % C H A P S,2 % Triton
X1 0 0.2 % P ha r m alyte,and 1 0 0m MTris
- H Cl(pH 7.0))and shakenfor1 honice topr e cipitate residual
S D S【1 3J. A 什er c e ntrifugation at1 5 0 00rpm for15 mjn.thec一ea rsupe r nata nt w as subject edto2- D E
a ndthe n stained with C B B. Fo rimpr o v em en tin the21 D Es epa ratio n of high m ole cular m assprotein s.
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- M S/ M Sa na)ysis(a rro whead). (B)The sequ e n c e of
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